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COMPLEX NUMBERS 


1. INTRODUCTION TO COMPLEX NUMBERS ye 
Z =f, — (a ib) - (c * id) 
A number ofthe form a + ib, where a, b e Rand į =./_], is =(a-c)+(b-d)i 
called a complex number and is denoted by ‘z’. (c) Multiplication : 
Z.Z, =(a+ib) (c+id) 
z= la] + if] Er ibis 
Y Y — ac + adi * bci + bdi? 
Re(z) Im(z) — ac —bd + (ad + bc) i 
(wi=-1) 
(i) Ifa=0,then z is called a purely imaginary number. T 
. B Te | j s (d) Division : 
Gi) Ifb=0, then zis called a purely real number. z a+ib atib c-id 
(ii) Ifb #0, then zis called an imaginary number. z Et cedd ae 
NOTES : (EE) 
c +d c +d 
1. Integral Powers of iota (1) 
3. CONJUGATE, MODULUS AND ARGUMENT OF 
l; r=0 A COMPLEX NUMBER 
«4k+r i; Ec 1 . 
i = TM 3.1 Conjugateofa Complex Number 
p € For a given complex number z =a + ib, 


its conjugate “ Z'isdefinedas Z =a-ib 


2. Ja Jb =,/ab only if atleast one of either a or b is 3.2 Argand Plane 
A complex number z = a + ib can be represented by a 


non-negative. 
unique point P (a, b) in the Argand plane. 


3. Real Numbers are a subset of complex numbers. (R c C) 


2. ALGEBRA OF COMPLEX NUMBERS 


2.1 Equality of complex number 
at+ib=c+id 
eca-c&b-d 
2.2 Letz =a+ ib and z, = c + id be two complex numbers 
where a, b,c, d e Rand isa. 
(a Addition: 
Zz tz, =(a+ib)+(c+id) 
=(a+c)+(b+d)i 


z= a + ib is represented by a point P (a, b) 


COMPLEX NUMBERS 44 


3.3 Modulus and Argument of a Complex Number 
Ifz=a+ ib is a complex number 
Pab) 
| 
Im(z) | 
o 
ag (z) = 1-01 
G) (u) 


( Distance of z from origin is called modulus of complex 


number z. 


It is denoted by r =|zi = a+b 


(a) Here, 0 i.e. angle made by OP with positive direction of real 


NOTES : 


axis is called argument of z. It is denoted by arg(z) or amp Argument is not defined for 0 


(2). 
4. PROPERTIES OF MODULUS, ARGUMENT AND 
binc CONJUGATE 
1. z >z,orz < z,hasno meaning but |z | > |z,| or |Z | < |z a w 
holds meaning. vi an 
2.  |z,-z,| represents distance between z and z, on Argand 2. z+Z = 2Re(z) = Z +Z =Q, ifzis purely imaginary 
Plane. 
3. z- Z = 2i Im(z) > z =Z, ifzis purely real 
3.4 Principal Argument 4. 7,22, SALE 
The argument *0' of complex number z = a + ib is called — © 
principal argument ofzif-r < 0 < x. 5. ZZ, =Z Z, and 5 = a. (2, = 0) 
Z5 z 
Let tana = |—| , and 0 be the principal argument of z. 6.|z=0—z=0 
a 


7. zz = z Ë 


COMPLEX NUMBERS 


" 7. VECTORIAL REPRESENTATION OF A COMPLEX 
Z 
8. |z, z, l-lz || z; l; ^ =r NUMBER 


Every complex number can be considered as if it is the 
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9. |z|-|z|-|-z| position vector of that point. If the point P represents the 
complex number z then, 


2 2 2 — 
10. |z +z, '2]z Í +|z, [ £2Re(z, z) IN = 


OP =z & | OP | = Izl. 


=| z É +| Z, l? +2| z || Z; | cos (0, — 4, ) 


11. \\z,|-|z,|<|z,+z,|<|z,|+|z,| (Triangle Inequality) 8. DE-MOIVRE'S THEOREM 


12. |z, | -| z, | S] z, -z,| S |z, |+ |z, | (Triangle Inequality) Case 1 
13. |az,— bz, | +|bz az, | — (a^ b^) (Iz P +|z,P) (i) If n is an integer, then 
14. amp (z,.z,)= amp z,+ampz,+2ka:kel (cos 0 + i sin 8)"= cos (n0) + i sin (n 0) 
(ii) (cos 8, + i sin 0,) (cos 0, +i sin 0,).......... (cos0, +isin0 ) 
15. amp a =amp z,—ampz,+2kn ;kel =cos (0,+0,+......+ 0,) +isin (0, + 0, +.....+8,) 
? Case 2 
16. amp(z")=namp(z) + 2ka;kel If n is a rational number (but not an integer), 


n can be written as p/q, where p,q, e land q #0 


(cos@+isin ay” = cos gen) +isin pure) 


5. POLAR/TRIGONOMETRIC FORM OF A 4 q 
COMPLEX NUMBER where k=0, 1,2,3, ......(q- 1) 


9. CUBE ROOTS OF UNITY 


Roots of the equation x = l are called cube roots of unity. 
3 
x — 1=0 
(x-1) (X +x+1)=0 


x-lor x +x+1=0 


17. amp(Z)=-amp(z)+2ka, kel 


a=rcos0 & b =r sin 0; MIZE | -1- 48i 
LE “XP or x= 
where r= |z| and 0 = arg(z) = 2 
W p? 
z -—atib 
=r (cos 0 + isin 0) =r cis 0 -[+ij3  —1-43 


(i) The cube roots of unity are 1, 5 A 5 


6. EULER'S FORM OF A COMPLEX NUMBER W Joèl momen 


(1) If o is one of the imaginary cube roots of unity then 
1+o+o=0. 

r—[E| & 0—arg(z) (iv) Ingeneral1+o'+w”=0; where rel but is not a multiple 

of 3. 


" 
z=re is known as Euler's form; where 
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(v) In polar form the cube roots of unity are : 


mE 2m . 27 4n . | 4m 
cos 0 * 1sinO ; cos =z +isin —, cos tis 


(vi) The three cube roots of unity when plotted on the argand 
plane constitute the verties of an equilateral triangle. 
(vii) The following factorisation should be remembered : 
x ex*1-(x-0)(x-o?); 
aj—b?-(a-b)(a—ob)(a— ob) ; 
a? b?- (a b) (a ob) (a ob) ; 


a? -- b?-- c) —3abc = (a + b + c) (a + œb + œc) (a+ wb + we) 


10. IMPORTANT IDENTITIES 


O x-x*1-2(xo)(o0) 


G) x-x+1=(x+0)(x+W) 

(ü) x -xy*y -G-yo) (x-yo) 
(iv) x xy+ y =(x oy) (x + yo) 
(u) x +y=(x+iy)(x-iy) 

(vi) X + y'= (x + y) (x + yo) (x + yo ) 


(vi) x-y -(x-y) x— ye) (x-yo) 
(viii) x + y +z- Xy-yz-Zx- (x* yo +z@ ) Batyo +z) 


or (xo + yo +z) (xo + yo +z) 


or (xo +y+z0) (xo +y+zW). 
(ix) x + y +z- 3xyz = (x + y + z) (x+oy+@ z) 
(x+ y--az) 


NOTES : 


If z, is a root of a polynomial with real coefficients, then 7; is 
also one of its roots. 


11. “n” n" ROOTS OF UNITY 


Solution of equation x` = 1 is given by 


2kn 


2km .. 
x =cos—— +isin—  ;k-0,1,2,.., (n- 1) 


;k-70,1,....,(n- 1) 
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NOTES : 

1. Wemay take any n consecutive integral values of k to get 
*n' n" roots of unity. 

2. Sum of ‘n’ n" roots ofunity iszero, ne N 


3. The points represented by “n” n" roots of unity are located at 
the vertices of regular polygon of n sides inscribed in a unit 
circle, centred at origin & one vertex being on +ve real axis. 


Properties : 


If 1,0,, 05, 04... 0, , are the n, n^ root of unity then: 


(i) They are in GP. with common ratio eC" 
0, ifp zk 

G) 1P+a? +a +....+taf_ =|? ' 7 P where kel 
n,ifp =kn 


~ 0 i) an 


0, if n is even 
1, if n is odd 


-1, if nis even 


M 1.0,.05.0,......... a = 
5n di din pren 


NOTES : 


sin (n0/2) n+l 
(Ü cos6+cos20+cos30+.....+-cosn6= jan cos| —5 |O. 
sin (0/2) 


(1) sin0+sin20+sin306+....+sinn0= 


A afo 


sin (0/2) 


12. SQUARE ROOT OF A COMPLEX NUMBER 


Letx +iy= Ja +ib , Squaring both sides, we get 
(x+iy) =a+ib 
Le. x-y =a, 2xy=b 
By using relation 
(2 + y2)2= (x2 y2) + 4x2y2 
we can find x?*y? and then solve x2+y2 and x? -y? to get 
values of x and y. 


COMPLEX NUMBERS F 47 


we obtain (iii) |z- z |> a represents exterior ofthis circle. 


(iv) |z—z,|=|z—z,|represents | bisector of segment with 


va +b? +a b Wa'+b'—-a end points z, & Z.. 


circle, k#1,k>0 
= k represents : . 
-L bisector, k =1 


2 
13. ROTATION THEOREM I . ; - 
(vi) arg (z) = 0 is a ray starting from origin (excluded) 


inclined at an Z0 with positive real axis. 


Z-Z 
(v) 
Z-Z 


(vil) arg (z - z,) is aray starting from z (excluded) inclined at 


A an ZO with positive real axis. 
Y M ; 
(api) BEJ (viii) z - z,| |z- z| ^k is 
3 l 2 
(a) an ellipse with foci z and z, if k > |Z - Z.|. 
Q(z’) (Z,-Z,) (b) Line segment joining z and z, ifk = |z -z| 
z A(z,) (c) No point ifk < |z -z,| 


(x) ||z-z,|-|z-z,]|=kis a hyperbola ifk < |z,- z| 


NOTES : 


To convert complex equation to cartesian equation, we can 
replace z by x + iy. 


1. If OP =z=re'® then OQ =z =reiQ+9 —z.eM. 
14.2 Standard Results 


If OP and OQ are of equal magnitude then (j) If z and z,are two complex numbers, then the distance 
between z and z, is |Z, —Z |. 


> B > ip 
OQ = OP e°. Thus, to rotate a complex number z counter = Gi) ^ Segment joining points A (z,) and B(z,) is divided by point 


clockwise by without changing its magnitude, we multiply P (z) in the ratio m, : m, 

it with e!?. 

m,z, +m,z 
2.  Ifz, zZz, z, are three vertices ofa triangle ABC described in then z= uns m, and m, are real. 

the counter-clockwise sense, then OE. 

Zz,-Z, AC € AC a |Z,-Z,| ; MZ, — M,Z, 
— = — (cos a +1sin a) EE Eu For external division Z = 

z,-27, AB AB |Z, —Z | Im =m; 


(Rotating AB about A by angle a to get AC) (i) Centroid (z) of triangle with vertices z , Z,, z, is given by 


_ 242423 


14. GEOMETRY OF COMPLEX NUMBERS i 3 


14.1 Locus from inspection based on modulus, argument and — si uos 


rotation F : à Sine Sia í . 
(i) The equation of the line joining z and z, is given by 
(i) |z—z,|=arepresents circumference of circle, centred at z 1 
; Z Z 
Z, radius a. 
Z z 1|=0 (nonparametric form 
(ii) |z—z,|<arepresents interior of circle di. 1 (nonp 
Ps a 
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(ii) 


(iti) 


(iv) 


(v) 


Or 


Z=Z,+t(Z,-Z,), where tis a real parameter 


Z-Z 


Z-Z Z-Z, 


az +az +b = 0 represents general form of line. 


(beR,a+0) 
The general equation of circle is : 


ZZ+az+az+b=o0 (where b is real number). 


Centre : (~a) & radius ,/|a |? —b = Jaa—b. 


Circle described on line segment joining z, & z, as diameter 
Is: 
(222 [zz )r(2=2 (2-2) =0. 


Four pts. Z, Z,, Z}, 


if & only if 


Z, —Z Z, — Z 
O=arg| —— |= arg) —— 
[ace [222] 


z inanticlockwise order will be concylic, 


Z, —Z Z-z |. T 
2__4 |x| ——— | is real & positive. 
Z — Z, Z, — Z; 


(vi) 


(vii) 


(viii) 


48 


If z,, Z), Z, are the vertices of an equilateral triangle where 
Zo is its circumcentre then 


l 1 1 
(a) + + =0 
Z-Z 24-2, 2,72) 
2 2 2 = 
(b) zy *z5 #Z3 rZ2-722-2Z2, 0 


2 2 2. 2 
(c) Zí *z5 +23 =325 


If A, B, C & D are four points representing the complex 


numbers z,,Z,,2, & Z4 then 


JER 


a Z, — 
AB || CD if 


Z, Z, 


Ispurelyreal; 


AB LCD if 478 is purely imaginary 
uz a 


Two points P (z ) and Q(z,) lie on the same side or opposite 
side ofthe line az + az + b accordingly as az, + az, +b and 


az, + az, +b have same sign or opposite sign. 
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SOLVED EXAMPLES 


Example- 1 


Express the following in the form of a + ib, a, b e R, 


i 24-1. State the values of a and b. 


| i(4+3i) l (2+i) 
®© (1-i) (Ü (3 -1) (1+2i) 
4i? -3i? +3 


(iii) 3i! aj —2 (iv) (1 +i)°+ (1-1? 


Sol. (i)z= 
4-3?) 1+i 
— x —— 
1-i 1+i 


(4i-3) (1+i) 


[ed 


_ 4i+4 -3-3i 
1+1 


Malas. 


7 1 
h a=-—,b=— 
ere, 5 5 


W z= (3-i) (1221) 


2+i 
Sebi i ai 


2+i1 5-51 
x 


~ 545i 5-5i 


(ii) 


(iv) 


_ 10-10i+Si-Si” 


25 — 251° 
 15-5i 
|. 50 
3 1 
10 10 
l 
here, a=—, b=—— 
0 10 
4i* -3i? +3 
maeaea 
EE... 
MESES 
~ 3i+4-2 
.2-3i 243i 
|.2-83i 243i 
ü 4-9i? 
23 15. 
E 
13 13 
15 
a=—, b =— 
here, B 13 
(1+i)*= (A +i = - £-«2iy- (1-1-42iy- 8/—-8i 


and (13) = 1—i—3i+3i =1+i-3i-3 =—2-2i 


Therefore, (1 + i)°+ (1 —i) =-8i-2—2i=—2-10i 
here, a --2,b -— 10 
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Example - 2 
(+i) x—2i, (2-31) y 4i si 


Sol. 
34i 3-1 


1 
Express in the form A + iB. 


(1— cos0) + 2isin0 > (1+i)(3-i)x-2i13-i)+3+i)(2-3i) y+iG+i)=10i 


=> 4x+2ix-61-2+9y-Tiy+3i-1=10i 
Sol. Now, : 


(1-cos0)2isin8 - => 4x+9y-3=0Oand2x-7y-3=10 


2sin? LA afin cea! 
2 2 2 


=> x=3andy=-l 


sin ^ — 2icos f Example- 4 


l 
2sin [sin + 2icos^ | [sing -2icos? | Prove that : x* -4— (x +] +i (x*1-i) (x-1 * 1) 
2 2 2 2 2 
(x-1- 1). 
Sol. Consider R.H.S. 
.0 ., 80 _ ; I l . 
s n =[k+1+1) (k+1-1] [&K-1+1)(K-1-)] 
asin [sin eos, 3 =[(x+ 1-i7] [x — 1 —i2)] 
2 2 2 
=(xr+2x+1+1) (x2-2x+1+1) 


=[x7+2)+2x] [x?+2)-2x] 
. 0 i 0 
sin — —2icos — 
EM 2 - (x! 2 - (2x) 
asin {1 +3cos” 3 
2 2 


-x 4x! 4—4x? - x* -A-L.H.S. 


Example — 5 
0 
cot — 


—9 TE l ; 2 Find the value ofx? + x2) x- 22 if x 2 1 * 2i 


2{1+300s° 7) EN 
2 2 


Sol. x=1+2i 
(x-1)-Qiy 


Example 3 x-2x45 -0 


Find the real values of x and y for which the following Now, x +x’ -x422- um 2x+5)(x+3)+7 


equation is satisfied 


So, Putting x = 1 + 21, we get :- 
(I+) x—2i Q-3i)yti =i. 


3 2 
34i 3-i x +x -x-22 


=0+7=7 
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Example — 6 Example- 7 


Find the modulus and amplitude of the following complex Iz € 1, | w| € 1, show that 


numbers. lz-w[ < (Iz| - |w) + (argz — arg w)” 


(0:45 44/51 (ii) 1+i Sol |z-w|2:= |z2+ |wP-2 |z] |w| cos (arg z - arg w) 


= IzP+ |wP-2 |z| |w] + 2 |z] |w] -2 |z] | w| cos (arg z - arg w) 


Sol. (i) z= V3 +V2i here a = J3, b = V2 


ME vl +2 2 wi zs ( 8228 (i) 


Ez = Ja’ +b? 
— 4342 


= 5 


2 
a z-wPs (Iz]-L wi)” +411 (2827m) [sin 6« 6] 


>|z-wľ< (Iz1-1wl) +(arg z —arg wy 


Example- 8 


A Di | For z=2 + 3i verify the following : 


(i)z-z (i) zz = |z| 
— tan! | E (ii) (z+Z) is real (iv) Z—Z is imaginary 
Sol. z=2+3i 
(i) z  =l1+iherea=1,b=1 z 4-5 
H = Ja? +b? () (z)=2+3i 
Hence, Z=z 


=AI+1 


= Va 


ü)z(z) =(2+3i) (2-31) 
=4-9=13 
amp(z = tan" B lz = J449 = 413 


Hence, z. Z = |z} 


zu (i) z*z-2-*3i*2-3i 
l =4 
=tan 1 Hence,z * Z isareal number. 


(ivy) z-z-(Q2-3i)-(2-3i) 
TU 
= @ b> 0I quadrant) =2+4+3i-2+3i 


=61 


Hence, z— z is an imaginary number. 
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Example—9 


isiya s me 

y xu prove tha ul 
Gub iye a+ib 
URS Vin 
zo Tb 
KU U s=" 


(Taking complex conjugate) 


a+ib a-ib 
c+id c-id 


2 m la? — i?y? 
c? —1”d' 
2,2 a+b’ 
x ty = 2 2 
c'+d 


2 2 
"m a +b 
+ - 

(X +y) ead 


Example— 10 


-1 
(1) If |z|=1, prove that — (z -1) is a purely 
Z+ 


(x * iy) (x-iy)- 


imaginary number. 


z-1 
(1) Ifthe number arr is purely imaginary, then prove 
Z 


that|z|=1. 
. z—1 
Sol. (i) Let W=— 
z+1 
z-1 z-1 
Nor 
Z+ Z 
Re(w)- Y w. 
2 2 
“di 
E = 1l z-1 z 
2|z+1 Z+1] 2 z+1 li 
Z 
l z-1 l-z l z-1 z-l 
= + = — =0 
2|z+1 liz| 2[z41 z+! 
= Re(w)=0 
=  wisapurely imaginary number. 
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a=) 


(i) w-—— 


z+1 


As w is purely imaginary. 


Re(w)=0 
z-l z-1 
=> WEW eu => z+1 z+1 0 
2 2 
z—] z-1 z-l l-z 
D —  =-— D e ee 
z+1 z+1 z+] l+z 


Apply componendo-dividendo to get : 


zz-l > |zf=1l => |z|=1. 


Example- 11 


If z, and z, are two complex numbers such that 


l1-zzZ, 


Iz,| < 1 € |z], then prove that <1. 


Z =Z 
Sol. Given, |z,|<land|z.|>1 ..® 
Then, to prove 


1-252; 


«1 


Z 2 


Ios 7) | using = ME 

= | —2,Z, |<| z-z, |... (ii) z| Iz 

On squaring both sides, we get, 

(1-zz )(1-zz)«(z-z)(n-z) | using |z = zz | 

= 1—Zz, Z, -ZZ + Z,Z Z;Z, < ZZ) —Z Z, ii + Z,Z, 
2 2 2 2 

—1+|z |z; <4 F +| z | 
2 2 2 2 

—l-laf-Izf-*laflzr«0 

= (I-|z,/)(I-|z,P)<0 ..Gi) 

Which is true by equation (i) as |z | < 1 and |z,| > 1 

+. (|z, )> 0 

and (1-2, l)« 0 

. Equation (iii) is true whenever equation (ii) is true. 


l-zjz 
— “2 <] 
Zi — Z, 


1 2 
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Example- 12 


Express the following complex numbers in the polar form : 


. 1+i . 2+6Bi 
ci a 543i 


1+i 
Sol. Letz= i , and, letr(cos 0 +isin 0)bethe polar form of z. 
—i 


(ii) 


Then, r = |z| and 0= arg(z). 


_ l+2i+Ë l+2i-l 
is TEE 


r-[z|7 JO+1 =1- 


Since the point (0, 1) representing z = 0 + 1 lies on positive 


=i=0+li 


direction ofimaginary axis. Therefore, 


arg(z) = 7/2. 


1 cos Z+isin= cos = +isin = 
Hence Z= = = wa Aa A 
i 2 2 2 2 


24+ 64i 


Letz= zhi , and let r (cos 0 + i sin 0) be the polar form 
ofz. Then, r = |z| and 0 = arg (z) 
E š 643i 
OP UC 54i 
2+6V3i (5-31) 


ZOT $«4Bi (5- 3i) 


_ 28 + 284i izi 


28 


reki= yi+3 =2. 


Let a. be the smallest positive angle given by 


- sea Jut (4511) - tan (8). 


Re(z) 
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TU 
Then, € = — .Sincethe point (1, 3) ties in first quadrant. 


T.. T 
Hence, the polar form of z is z= 2 [s 3 +1 sin z) 


Example — 13 


Sol. 


Prove that there exists no complex number z such that 


1 n 
z|<— and ' = 1, wh <2. 
| z | | an Saz , where |a | 


r=l 


Given, az+a,z” +...+a,z" =1 


and |z | < i) 


; 2 3 n| 
w. az +a,z KOZ Paras jal 


=>|a,z|+|a,z7|+|a,z°|+..4|a,z” [21 
[using IZ, +z |S] 2, |+| Z; l 


=>2flz|+|z? +|zP +...+[2]”)»1[using]a, K 2] 


2lzi(I-l2l”). — 
= ka 1 [using sum of n terms of GP] 
TIZ 


n4l 


—2|z|—2|z|”°>1—-|z| 


n4l n+l 


1 2 
5 3|z|>142|z| xdg 


l 
— |z |> 3 which contradicts ... (1) 


<. There exists no complex number z such that 


1 n 
|zlszand 5 az =1 


r=l 
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Example- 14 


If a and B are roots of x2 - 2x + 4=0 then find o" + p". 


Sol. a,B =1+iv3 
a =1+iv3,p =1-iv3 
o^ =(1+iv3) 


af 1+iv3 : " NI .. nZ 
=2 =2 On 


2 


and f" = (1 -i3 ) 
"CP 
2 


" nq .. nx 
—2"|cos—-isin — 
| 3 3 J 


a” +B" = 2".2 cos 


= 2"*! cos (=) 
3 


Example- 15 


It is given that n is an odd integer greater than 3, but not 
a multiple of 3. Prove that x + x? + x is a factor of 
(xt 1y-x7- 1. 


Sol. Wehavex? +x’ #X=x(x +x+ 1)-2x(x- 0) (x-o?). 


where œ, œ are cube roots of unity but not equal to 1. 
Moreover, o» = 1. 


x? + x? + x is a factor of (x + 1)" — x"—1. It means that 
(x+ 1)"—x"— 1 should be zero at x = 0, w, ox. 


Atx=0, 

(x+1y"—x"-1=1"-1=1-1=0 

Atx=@ 

(x+ 1) —x^-1-7(1*oy- o—-1-7 (7o - o-1 


—(-1)'o?— o"— 1 =-[o"+ w+ 1] 20asnisnota multiple 
of 3. 


Atx =o, 


(x 1y-x'-1-(1-4o)- o?-1 
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= (-)"— @"-1= 


=> x?+x’+xisa factor of(x + 1)"—x"-1. 


Example - 16 


Let a complex number a, a + 1, be a root of the equation 


FA epe 


[o"+o"+1]=0 


where p, q are distinct primes. Show that either 


ltatat.t+a = 


2 —1 
a+... ta =0 


or l+a 
but not both together. 


Sol. Given z?"4- z?- z1+1=0 ... (1) 
(z^ -1)(z* -1)=0 
Since, a is root of equation (1), either 


a? —-1-0or a* -120 


a? —1 a! —l 
=Oor 
a-—l a-—l 


— Either =0 


> Eitherl+a+a” +...+a”' = 0 
orl+a+...+a!”'=0 


But 


simultaneously as p and q are distinct primes, so neither p 
divides q nor q divides p, which is the requirement for 


a’ —1=0 and a! —1=0 cannot occur 


l=a’=a 


Example- 17 


Find the value of: 


r-6 : 2 i 
Sol. LetS= Y. lsin Fi _icos 


r=l 


ad 
7 


Take (1) common to get : 


r=6 
= D ZR pie eum a 
r=1 7 7 


=— i (sum of 7th roots of unity — 1) 
-—i(0-1)-i 
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Example- 18 
If 1,8,8,,....,2, are the n" roots of unity, then show that 
(l-a) (1-8) (1-8) ... (1-8, a 


Sol. Since, l, a, a,,...a , are nth roots of unity. 


=> [x -1)=(x-1) (x-a,)(x-a,)...(x-a,.) 


DA +X" +. qx +x+1=(x-aj)(x-a,)..(x-—a,a) 


n 
x'-1 A E 
P renes] 


On putting x = 1, we get 


n=([1=a,)(1—a,)..(1—2 1) 


Example - 19 


Find the square roots of —15 — 81. 


Sol. Let J—15—8i =x+iy. Then, 


J-15-8i =x+ ly 
=> -15-8i-(x-iy) 
= -15-8i-(x y)+2ixy 
=> -l5=x- y (i) 
and, 2xy=-8 (ii) 
Now, (x ty) =(X -yy +4x y 
=> (X +y)=( 15) +64=289 
> x+y=17 ...(iii) 
On solving (1) and (iii), we get 


x =landy =16>x=+landy=+4 


From (11), 2xy is negative. So, x and y are of opposite signs. 


(x= 1 and y =-4) or, (x =—1 and y=4) 


J-15-8i =+ (1 —4i) 


Hence, 
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Example - 20 


Find the square root of i. 
Sol. Let Vi =x +iy . Then, 
si =x+1iy 


= i=(x+iy) 


(x — y )+2ixy=0+i 


U 


> x-y-0 Ò 
and, 2xy=1 ...() 
Now, (x + yy = (x — yy t 4x y 

> (xty)=0+1=1 

> x+y=1 [x t+y>0] (iii) 

Solving (1) and (iii), we get 

x = 1/2 and y =1/2 


=> x=t1/J2 andy=+1//2 


From (ii), we find that 2xy is positive. So, x and y are of same 
sign. 


1 1 l 
Visa (pata) op ld 
Hence, ? 2i p; ( ) 
Example - 21 
Find all circles which are orthogonal to | z | = 1 and 


Iz—1|=4. 

Sol. |z|=1;z-1|]=4 

=> x+y=land(x-1)y+y'=4 
S :x2+y2=1;S,:x2+y2—2x—15=0and 
S:x?+y’+2gx + 2fyt+c=0 


Using the condition of orthogonality of S and S,, we have 
2g(0) + 2£(0) =c-l>c=1 


Similarly, using the condition of orthogonality of S and S,, 
we have 


2g (-1)+2f(0)=1-15>g=7 


radius = Jg? +f? -c =V48+f? 


So, all the circles orthogonal to S and S, are : 


Iz- (77 -if)| - N48 £^; fer 
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Example - 22 


Sol. 


Prove that the locus ofthe centre ofa circle which touches 
the circle |z — z,| = a and [z — z,| = b externally 


(z, z, and z, complex numbers) is a hyperbola. 


Sol. 


I-z |=b+r 


=> |z-z,|-|z-z| =|a—b| = constant 


Sol. 


=> Locus of z is hyperbola. 


Example- 23 


Sol. 


If w= -and|@|=1, then prove that z lies on a 
i 


NE 
Z— (1 / 3) 
straight line 


As given 


z 
w=——==|w|= 
i 
ee 


= distance of z from origin and point [o =) is same, 


hence z lies on the bisector of line joining the points (0,0) 


1 
and [o j : 


Hence z lies on straight line. 


Sol. 
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Example - 24 


T 
What is the locus of z, if amplitude of z — 2 — 3i is 4 ? 


Amplitude (z - z) = 0 represents a ray starting from z and 


making an angle 0 with positive real axis. So locus of z is a 


Z 
ray starting at 2 + 31 and making an angle " with positive 


real axis. 


Example - 25 


Find the locus of point z satisfying the condition 


z-i 


»]2 
Z—1 


| 242 |z-if 2 4|z«if 
Z+1 


> (z—i)(Z+i)> 4(z«i)(z-i) 
= zz-i(z-z)«12 4zz+4i(z-z)+4 
= 3|z[ +5i(Z-z)+3«0 


=> 3x’ +3y° +10y+3<0. 


Which represents the interior and boundary of the circle. 


Example — 26 


Show that the representive points ofthe complex numbers 
1, 22— 5i, 1+ 41and 3 + 10i are collinear. 


Let Cartesian coordinates of these points be A (0, 1), B 
(-2, — 5), C (1, 4) and D (3, 10) 


-5-1 
-1 = —— (x-0 
yx 
Dy=3x+1 AD 


Points C (1, 4) and D (3, 10) satisfy the equatioin (1). Hence 


points A, B, Cand D are collinear. 
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Example- 27 


Sol. 


(ii) 


— 


Locate the complex number z = x + iy for which 

(i) z2-z^«2|zf«8i(z—-z) 

(ii) log,,, (log, (z+ 4[z| + 3); <0 

(i) z'+z'+2|z[«8i(Z—-z) 

Substitute z = x + iy 

x’—y?+ i (2xy) + x -y'-iQxy) + 2 (X° + y) < 8i C2iy) 


4x!«]16y | —x'«4y 


Imag. Axis 


A 


Reai Axis 


2 
So, locus is the interior of the parabola y = T 


log, tog, (| zp*4z|*3) «0 
log,,(|z P 4|z|*3)»1 


IzP+4lz[43x2 
2 
Iz +4lz|+3.«0 


; But|z|> 0 


| Z 


-A-46 -4+JS6 
2 ^7 2 


So, no such value of z exists. 


Example- 28 


Sol. 


2 


If z z 1 and Is real, then prove that the point 


Z — 
represented by the complex number z lies either on the 
real axis or on a circle passing through the origin 


z _ x — y! +2ixy 


; l 
G Dey is rea 


z-1 
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=> - (> -y°)y+2xy(x-1)=0 
> y| = ty +2x° -2x| -0 


= yz-0or x! +y -2x«0 


— either real axis or circle passing through origin. 


Example - 29 


Sol. 


ABCD is a rhombus. Its diagonals AC and BD intersect at 
the point M and satisfy BD — 2AC. Its points D and M 
represent the complex numbers 1 +iand2 — i respectively. 


Find the complex number represented by A. 


Let A be (x, y) 


It is given that BD = 2AC > MD = 2AM 
Also DM is perpendicular to AM 
= (1 —2)2+(1+1)=4[(x —2)2 *(y- 1y] ...(1) 


D(, 1) 


LIS. 
` 


y+1 1+1 
x-2 |=? 


an =-15 2(y+1)=x-2 


Withx-2=2(y+ 1), (1) gives (y+ 1)2= 1/4 
=> y--1/2,-32 > x=3,1 


= Arepresent z=3 —i/2, or 1-312 


Alternative Solution : 


MD =2AM and AM L DM i.e. angle AMD = 7/2 
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Example - 30 


Show that the triangle whose vertices are the points 
represented by the complex numbers z, z,, z, on the argand 


diagram is equilateral if and only if 


2 2 D 
Z +Z; +Z; = ZZ, +Z,Z, ERES 


A (z) 


Sol. 


C (z, 
B (z) ve 


Applying rotation about B, 


Z — Z; in/3 


— =e 
ei (1) 
Applying rotation about C, 


Z,— Z ei? 


Z-z, = ...(2) 
Z, Z, _ Zx Z5 
From (1) and (2), Z,—Z, -z, z -Z, -z, 


Simplifying, we get the required Conditions 


Example- 31 


Complex numbers z,,z,,Z, are the vertices A, B, C 
respectively of an isosceles right angled triangle with 
right angle at C. Show that (z, A =2(z —z,) (2;-2,) 


Sol. Since, triangle is a right angled isosceles triangle. So, 
rotating z and z, in anti-clockwise direction through an 


Z 
angle of 3 we get z, 


Z) — 23 BE 5 


Z-z [373 l 
where, |z, - z,| = |z, -Z,| 
Si -z)-i(z -z) 


On squaring both sides, we get 


(2, -2; y --(z =a) 
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> E tz +222, = -z? -z +222, 

> z +z = 22,25 else 2252, -2z — 2z Z, 
=> (z = y = 2 (22, = z ) +(2,23 PUES ) 
= (2; -zy = 2(z, —z;) (2; -z,) 


Example — 32 


If one of the vertices of the square circumscribing the 


circle |z—1|- V2 is 2+ J3 i . Find the other vertices of 


square. 


Sol. Here, centre of circle is (1, 0) is also the mid-point of 
diagonals of square 


=> Zz, = 1+ (1+ V5i) sos in E Z =2+43i| 


F 3)+i=(1-v43)+i and Zi -(1-43)-i 
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Example- 33 


Sol. 


Let the complex number z , z, and z, be the vertices of an 


equilateral triangle. Let z, be the circumcentre of the 


triangle. Then prove that Z; +z% +Z; = 3Zo. 


Since Z, Z 


p Z» Z are the vertices of an equilateral triangle. 


+Z, + 
hy Circumcentre (Zo) = Centroid = Es ... (i) 


Also, for equilateral triangle 
T m - 
Ze, E S= Z Zoe Z Z, Tan W 


On squaring Equation (i), we get 


9z; = z? +25 +z? +2(2;2, PE tz) 


2 2 2 2 2 2 2 P dié 
= 92 22 +Z; + Z; +2 (z dem +2, ) [from equation(ii)] 


2. .2,.2,.2 
=> 3z SI +Z; +Z; 


Example - 34 


Sol. 


Find the centre and radius ofthe circle formed by all the 


points represented by z = x + iy satisfying the relation 


Z—Q 


= k (k= 1), where a and p are the constant complex 


z-p 


numbers given bya=a,+ia,, D — p, + ip,. 


As we know, | z |*= zz 


—|zf -az-az«|a Ë= & (|z Ë -Bz - Bze| BË) 


-|zf (1-€)-(a-&B)z -(a- BE )z+(|af -& | pP )-0 
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la-a) 


124) z+ 


On comparing with equation of circle. 


jaP-1BP _ 


(i-i) (i) 


|z +az+az+b=0 


whose centre is (-a) and radius = 4/| a ? —b 


<. Centre for equation. (i) = 


== 2 ou 
and radius — aa -k Bp 
1-2 
ce 
| 1-4 


Example - 35 


Sol. 


Letz , Z 


p Z» Z, be three distinct complex numbers satisfying 


1|. Let A, B, and C be the points 


represented in the argand plane corresponding to z , z, 


Iz. l|= Z, l|= Z, 


and z, respectively. Prove that z, + z, + z, = 3 if and only of 


A ABC is an equilateral triangle. 


|z 


1|= |z, 1|= |z, 1| 


1 


The point corresponding to 1 (say P) is equidistant from the 
points A, B and C. 


Pis the circumcentre of the A ABC 


Now ifz, +z, + z, =3 then the point corresponding to centroid 


Z +Z, +Z, 


ofthe AABC is =1 


circumcentre and centroid coincide > A ABC is equilateral 


Conversely if A ABC is equilateral, then centroid is the same 


as the circumcentre ile. P. Hence centroid 
Z +Z, +Z 
A2 =1572,4+2,+2, =3 

3 
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Example- 36 When x =0,x2-y2+ y= 0 


If A and B represent the complex number z and z, such —0- y? +y=0 


that |z, + z,|=|z, — z,, then find the circumcentre of triangle 
OAB where O is the origin. = y (1 -y) =0 


Sol. |z,+z,P=|z-z?=>(z,+2,)(4+%)=(4,-%)(%-Z) 


— ZZ + ZZ, = Ü 


LA. w 
"c purely imaginary 
2 


= x =k 


Z, T 
Darg| — Pu a 
e Therefore, z =0+70, 0+i;+ — — 


E 
2 2 


B 
E 


= OAB is a right angled triangle right angled at O. 


. . Z +Z, z=i,+ 
=> circumcentre IS. — ——- 


Example- 37 Example - 38 


A 2 = a 
i Si > cà z =Z =x+ 
Find all non-zero complex numbers z satisfying Z = iz’. Poete guano swiss. KAY 


Sol. z? =Z => x -y-ixy-x-iy 


Sol. Letz=x+iy Therefore, x-y =x ... (1) 
Given z = jz” and 2xy =—y ... (2) 
: . NV 1 
= (x+ip)=i(x+iy) Pomi ie A DE 
= x—iy= i(x a 4 2ixy) When y=0, from (1), we getx —x=0, Le.x-0orx-l. 
1 x 1 1 
—x-iy =—2xy +i (x -y) When x E. from (1), we get y = a 


On equating real and imaginary parts, we get 
2 


x = -2xy and - y  x- y? y Si ie,yon 


2 2 » : . . 
ES Hence, the solutions of the given equations are 


= x(1+2y)=0 
04101450, 14439, l 3 
2 2 2 2 


1 
=>x=0or y=-— 
$ 2 
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Example- 39 


Sol. 


Ifiz?+z?-z+1=0, then show |z|= 1. 


iz”+z'— z+i=0 


By substituting z = i in the equation, we get 0 = 0 


Hencez-iisafactor ofiz? + z?—z +i 


=> iz’ (z—-i)— 1 (z—-i)=0 > (iz?-1)(z-i)=0 
Either iz’— 1 =0 orz-i-0 
Whenz—-i=0,z =i ..[z E|0+i1= A0? 4 1? =1. 
When iz?— 1 =0, z= 1/i=—i 


«Iz: H0-Lil J0 +(-1) 2124z = 1 or|z|=1 


-. In any case we have |z] = 1 


Example- 40 


Sol. 


(i) 


or 


(ii) 


Find all complex numbers z which satisfy the following 


equations : 

()z=Z Gi) z=-Z 

(iii) Z =4-z (iv) Z° = —Z 
Letz=x+iy. Then Z =x-iy. 


The equation Z = Z becomes x + iy = x — iy. 
2iy = 0 which gives y = 0. 
Hence z=x i.e., all the real numbers constitute the solutions 
of the given equation. 
The equation z = —Z is equivalent to 
x +iy =— (x—1y) or 2x=Oorx=0. 


Hence z = ty 1.e., the solutions of the given equation are all 


pure imaginary numbers. 


(itt) 


(iv) 
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z=4-z or x-iy-4-x-iy or x-4-x. 
This gives x - 2. 

Hence z=2+iy. 

The given equation is satisfied by all complex numbers 
whose real part is 2. 

Z=—- Zor(x+iy)=-(x-iy) 

Or x!— y^-2ixy =—x+iy 


Equating real and imaginary parts, we get 


x!—-y!--x (1) 
and 2xy=y or y(2x-1)=0 (il) 
From (ii) either y 2 0. or 2x-1=0 


Le., x= 1/2. 


When y = 0, (i) gives x? =—x or x (x + 1) =0 which gives x = 
0,-1. 


Thus we get two sets of solution x = 0, y = 0 and x =—1, y=0. 
When x = 1/2, (i) gives y? = 3/4 which gives 


Thus we get two more sets of solutions 


l 43 j 
x=—, y=—, and x=—, y=———. 
oe a 2-79 
Hence the given equation has in all the following four 


solutions : z,=0,z,=—1, 
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EXERCISE - 1 : BASIC OBJECTIVE QUESTIONS 


Iota & powers of iota 


1. (4-2) (QJ -3) is equal to 
(a) J6 (b) -J6 


(c)i V6 (d) none of these 
1 4 
2. (+o [14] = 
(a) 16 (b) 0 
(c) 8 (d) 64 
3. The value of (1 +i) (1 +) (1 +P) (1 i*) is 
(a) 2 (b)0 
(c) 1 (d)i 
4. The value of 1 +i2+ 14+ 16+ ...+ PMs: 
(a) positive (b) negative 
(c) zero (d) cannot be determined 


13 
5. The value of sum > (i x1" ), where i 2 4-1 equals 


n-l 


(a)i (b)i-1 
(c) i (d)0 
— 21 a ee 
6. The least positive integer n such that (=) is a positive 
i 

integer, 1s 

(a) 16 (b)8 

(c)4 (d)2 


(a) x = 2n, where n is any positive integer 
(b) x= 4n + 1, where n is any positive integer 
(c) x= 2n * 1, where n is any positive integer 
(d) x = 4n, where n is any positive integer 
8. For positive integers n,, n, the value of expression 
(1+i)” +(1+i)” +(1+i)” +(1+i')” , here i2 4-1 
is a real number, if and only if 
(a)n,=n,+1 (b)n =n,-1 


(c)n =n (d)n, >0,n,>0 
1 2 1 2 


If /x+iy = (a + ib), then /-x—iy is equal to 
(a) € (b+1a) (b) + (a — ib) 
(c) (ai * b) (d) + (b — ia) 


Algebra of complex number 


10. 


11. 


12. 


13. 


14. 


15. 


The roots of the equation x*— 1 = 0, are: 
(a) 1, Li,-i (b) 1, -l,i,-i 
(c) 1,-l, œ, W” (d) none of these 


Inequality a + ib > c + id can be explained only when : 


(a)b=0,c=0 (b)b=0,d=0 
(c)a=0,c=0 (d)a=0,d=0 
a then a S equal to: 
(a) 1 (b)2 
(c)b+ia (d) a ib 


z-i. 
Let z +- ibe any complex number such that a Isa 
z+i 


l 
purely imaginary number then Z+— is: 
Z 


(a) 0 
(b) any non-zero real number other than 1. 
(c)any non-zero real number. 


(d) a purely imaginary number. 


If Ja +ib =x + iy, then possible value of Ja —ib is 


(a) x *y? (b) Jx’ +y? 


(c)x+ iy (d) x—iy 
Square root of 5+ 12i is 

(a) + (3 + 21) (b) (321) 
(c) 2 +4i (d)—1-2i 
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Modulus of Complex Number 22.  Ifarg(z)-O0,thenarg ( z ) is equal to 
(a) 0-n (b) x— 0 
16. The modulus of Bu PEL 
23. Letz, w be complex numbers such that Z - iw =0 and 
Ji arg (zw) = z. Then, arg (z) equals 
(a) /5 unit (b) —— unit 
5 
ki by = 
" " (a) + (b) 5 
M 12 . 
(c) E unit (d) EN unit 31 5n 
(m () > 


1421 


24. Ifz and w are two non-zero complex numbers such that 


17. If(x + iy)= , then (x? + y?) is equal to 


Izw| = 1 and arg (z) — arg (w) = Si then z wis equal to 


(a) 5 (b) 1/5 
(c) 2/5 (d) 5/2 (a) 1 (b)-l 
18. Ifx+iy=(1 +i) (1 +23) (1 +33), then x2+ y2= (c)i (d) d 
(a) 0 (b) 1 Polar/Euler's form of complex number 
(c) 100 (d) none of these 
4 75? +i sin 75? 
Argument of Complex Number 25. The value of JO 18 
0.4 (cos 30? +i sin 30?) 
mT. n 
19. The amplitude of sin — T (1 = COS B is v2 jd N2 {<i 
5 5 (a) TÉ ) (b) TE ) 
(a) = (b) 5 D ai) à) 2 a+i) 
Rc mE = 2 
5 15 (c) J2 (d) J2 
- " 26. The principal amplitude of (sin 40” i cos 40”)? is 
(c) 19 (d) ç (a) 70° (b) —110° 
(c) 110” (d) —70^ 
w kes Dede 
š —— cgo then arg (z) equals isi 
1-(1-)° I a 27. [jg A Da alonso 
cos0—isinO 4 2 
n _ 
(c) n+20 (d) None of these 
(c) z (d) none of these 28.  Ife?—cosO +i sin 0, then for the AABC, e^. eP. eis 
! ! (a)-i (b) 1 
(1+iV3) 242i) 
21. |The magnitude and amplitude of B are (c)-1 (d) None of these 
respectively 29.  Ifz- 42 [cos +isin z) and z, = NE] co — +isin z) then 
(a) 2, 2E ©) 242,77 a zis 
(a) 6 (b) /2 


(c) 242,7 (d) 242,7 (c) J6 (d) J3 
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30. 


The polar form of (i)? is 36 


T.. T - 
(a) ur + i (b) cos x - isin t 


(c) cos x —isin x (d) cos isin% 


Properties of complex number 


31. Forany two complex numbers z and z, and any real numbers 37 
aand b; |(az,—bz,)P+ |(bz, +az,)Pis equal to : I 
(a) (a+ b°) (z | |z,) (b)(a°+b”) (Iz P |z) 
(c) (+ b?) (Iz P— [z, P) (d) none of the above 
32.  Ifzisanon-zero complex number, then —— isequalto 38, 
zZ 
z 
(a) — (b)|z| 
Z 
(c) |z] (d) none of these 
33. If |z,| Iz, A 1, then the value of 3% 
Z tz +z +.. +z | IS: 
(a) 1 (b) lz |+ z+... + Iz 
: + : +... + : 
(c) Z Z, ses z. (d) none of these 
40. 
34. If Z, Z, Z, are complex numbers such that 
1 1 ; 
EIE SEI —+—+—=1,then|z + z,+ z| is 
L Z, %3 
41. 
(a) equal to 1 (b) less than 1 
(c) greater than 3 (d) equal to 3 
Cube roots of unity 
35. If the cube roots of unity are 1, œ, w”, then the roots of the 


equation (x — 1)? 8 = 0, are: 
(a)-1, 1+2o0, 1+2? (b)-l, 1-20, 1-20” 


(c) -1, -1,-1 (d)-1,—1-20,-1- 29? 
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If i = 4-1, then 


334 365 
zl x] [wp] 


2 2 2 
is equal to 

(a) 1- i3 (b) -1+i¥3 
(c) 448i (d) i3 


If o is a non-real cube root of unity, then the expression 
(1-0) (1-0”) (14-0) (1-95) is equal to 


(a) 0 (b) 3 

(c) 1 (d)2 

si ki J (S- J , then 
2 2 2-2 

(a) Re(z) - 0 

(b)Im (z) - 0 


(c) Re(z)» 0, Im(z) » 0 
(d) Re (z) > 0, Im (z) <0 


The value of amp (iœ) + amp (i0”), where į 2 /-] and 


w = 3/1 = non-real, is 


0 b) ~ 

(a) (b) > 

(c) x (d) None of these 

If is an imaginary cube root of unity, then (1 + w — w?) is 
equal to 

(a) 1280 (b)-1280 

(c) 128% (d) —128o 


Suppose Z,, z,, z, are the vertices of an equilateral triangle 
inscribed in the circle |z| = 2. If z = 1 + ix. then 


Z, and z, are 


(a) z, 2 —2 and z, -1-iJ3 
(D z, = -1 and z, = -i 3 
(c) z, 2 land z, =1-iV3 


(d) z, =-land z, =1-iv3 
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42. 


IHx=a+b,y=aa+bB,z=apB+ba, where a, p are complex 


cube roots of unity, then xyz equals 


(a) a+ b° (b)0 
(c) a tb 


(d) none of these 


Geometricalinterpretation of modulus 


43. 


44. 


45. 


46. 


47. 


48. 


The complex numbers z= x + iy which satisfy the equation 


z—5i 


=], lie on 


z+51 


(a) the x-axis 

(b) the straight line y = 5 

(c) a circle passing through the origin 

(d) None of these 

The inequality |z — 4| < |z — 2| represents the region given 
by 

(a) Re(z) »3 (b) Re(z) «3 
(c) Re (z) 23 (d) None of these 

Ifz-x- iy and w- (1 —1z)/ (z ^i), then |w| = 1 implies that, 
in the complex plane 

(a) z lies on the imaginary axis 

(b) z lies on the real axis 

(c) z lies on the unit circle 


(d) None of these 


If P represents the variable complex number z and 
Re (z+ 1/z +i) = 1, then the locus of P is 

(a) x-y-1 =O0 (b)x-y+1=O0 
(c) 2x-y-1 =0 (d)x-2y-1=0 

P represents the variable complex number z and 
| 2z - 3 |=2, then the locus of P is 

(a)x’?+ y*- 12x+5 = 0 (b) 4x° + 4y”- 12x+5 =0 
(c)4x!-4y-12x*5 2-0  (d)x-4y-12x = 0 

If complex number z = x + iy satisfies the equation 
Re (z+ 1)=|z- 1|, thenz lies on 


(a) y=x (b) y^ - 4x 


(c) y -2x (dj) 2y=x 


49. 


50. 


51. 


52. 
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The equation bz + bz = c where b is a non zero complex 
constant and c is real, represents 
(a) A circle (b) A straight line 


(c) A parabola (d) None of these 


The equation zz + (2 — 3i) z+(2+3i)z + 4 = 0 represents 
a circle of radius 

(a)2 (b)3 

(c)4 (d)6 


For real parameter t, the locus of the complex number 
z= (1 _ ) +ivl+1” inthe complex plane is 


(a) an ellipse (b) a parabola 


(c) a circle (d) a hyperbola 


The points z,, Z,, Z}, Z, in the complex plane are the vertices 


ofa parallelogram taken in order, if and only if 


(a)Z kaz “a te 


4 2 3 (b)z,+z,=z,+Z, 


(Oz TZ,= Z, +Z (d) None of these 


Numerical Value Type Questions 


53. 


54. 


55. 


56. 


57. 


For all complex numbers z of the form 1 + ja, a € R, if 


z2=x + iy, then value of y2+ 4x is 


Ifz=x-iyandz!2=p-+iq,then equal to 


p'+q' 


p q 
Ifz,,z and z,,z, are 2 pairs of complex conjugate numbers, 


Z z 
and arg (2) targ (2) equals kr. Then value ofk is 
4 3 


If z, and z, are two non-zero complex numbers such that 
Iz, + z,| = |z | + |z], and arg z — arg z, is equal to kz, then 


value of k is 


If isa cube root of unity, then 


(3 50 -3oy* (3 t 30 * 5@’)’is equal to 
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58. 


59. 


60. 


61. 


If z is any complex number such that z+ E =1, then the 
Z 


99 l : 
value of zZ +— is 
x 


If (2 1)isa cube root of unity and (1 +o) =A + Bo. Then, 
A + 2B equals to 


6 
The value of > [sn = i cos =) is ki, then value of k 
k=1 


is 
If square root of —7 +241 is x + iy. Ifx =k, then value ofk 


is 


62. 
63. 


64. 


65. 


66 


If|z+4|<3, then the maximum value of |z + 1| is 


The number of complex numbers z such that 


|z—1|=|z+1|=|z—i| equals 


If z is a complex number such that 


- 1. 
Iz| 2 2, then the minimum value of |Z + 2 is 


The complex number z satisfies z + [z| = 2+ 81. The value 


of [z| is 
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2 -3isinO 


1—2isinO 


A value of 0 for which is purely imaginary, is: 


(2016) 
WE (b) sin ' S 


(c) sin^| — (d = 
B 3 


Let z= 1 + ai be a complex number, a> 0, such that Z is a 
real number. Then the sum 1+z+2z?+....... +z'' is equal 
to: (2016/Online Set-2) 


(a) -1250 43 i (b) 1250 V3 i 


(c) 1365 V3 i (d) —1365 43 i 


Let z € C, the set of complex numbers. Then the equation, 
2[z  3i| - |z — i| = 0 represents : (2017/Online Set-1) 


8 
(a) a circle with radius 3 


10 
(b) a circle with diameter — 


3 
. . . |. 16 
(c) an ellipse with length of major axis 3 
16 


(d) an ellipse with length of minor axis 9 


iz — 
The equation Im | - 
z-i 


Ja =0, zEC, z #1 represents 


apart ofa circle having radius equal to : 


(2017/Online Set-2) 
(a)2 (0) 1 


3 1 
Gi (d) > 
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EXERCISE - 2 : PREVIOUS YEAR JEE MAIN QUESTIONS 


If a,BeC are the distinct roots, of the equation 


x? -x4120, then a!” xp is equal to : (2018) 
(a) 2 (b)-l 
(c) 0 (d) 1 
l 1«-(1-8a)z , 
The set of all a € R, for which w = EET NE isa 
_ z 


purely imaginary number, for all z e C satisfying |z| = 1 
and Re (z) #1, is: (2018/Online Set-1) 


(a) an empty set (b) {0} 
(d) equal to R 


If|z —3 + 2i| < 4 then the difference between the greatest 


value and the least value of [z| is : 


(2018/Online Set-2) 


(a) 24/13 (b) 8 

(c) 4+J13 (d) J13 

The least positive integer n for which L+iv3 =], is: 
1-iJ3 


(2018/Online Set-3) 
(a) 2 (b)3 
(c) 5 (d) 6 


If a and B be the roots of the equation x?- 2x + 2 = O,then 


the least value of n for LP —]is: 


(8-4-2019/Shift -1) 


(a)2 (b) 5 
(c)4 (d)3 


COMPLEX NUMBERS 


10. 


11. 


12. 


13. 


14. 


a 
If z= Li = V-1), then (Liz +z’ +z Y is equal 
to: (8-4-2019/Shift -2) 
(a) 0 (b) 1 


(c) (-1+2i) (d)-1 


Let a and B be the roots of the equation x^ +x+1=0. 


y*l @ P 
Then for y#O0inR,| ç y+8 1 


P 1 y+a 


is equal to: 


(9-4-2019/Shift -1) 


(a) y(x? -1) (b) y(x? -3) 


(c) y' (d) y^ -1 


5+3 
Letz € C be such that z|«1. If o = DALIA then: 
5(1-z) 
(9-4-2019/Shift -2) 


(a) SRe(o)»4 (b) 4Im (0) > 5 


(c) 5Re (0) »1 (d) 5Im (o) «1 


(Lei) 2 "E 

Ifa?» 0and z= —, has magnitude s then Z IS 

equal to: (10-4-2019/Shift -1) 
_1 3, b ————1 
WS s 0755 
id MEN 
(0575 5s 


If z and @ are two complex numbers such that zo) =l 


and arg(z)- arg(o) = - „then: (10-4-2019/Shift -2) 


_ f sac —l+i 
(a) zo - i (b) D 

= z -l-i 
(c) zo = —i (d) 5 


15. 


16. 


17. 


18. 


19. 


20. 
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2z-n 


Let z e C with Im(z) = 10 and it satisfies =2i-1 


Z+n 
for some natural number n. Then: (12-4-2019/Shift -2) 
(a)n=20 and Re(z)=-10 (b)n=40 and Re(z)= 10 
(c)n=40 and Re(z)=-10 (d)n=20 and Re(z) -10 


+2isi 
Let4-40€ Z a); 2 iid is purely imaginary 
2 1-2isin9 


Then sum ofthe elements in Ais: (9-1-2019/Shift-1) 


SA 
W; (b) z 


3x 20 
Ok (j 


Let z be a root of the quadratic equation, 


93 


x +x+1=0. Ifz= 34+ 6iz, —3iz, , then arg z is equal 


(9-1-2019/Shift -2) 


z we 
On (b) ç 
Z 
(0 (d)0 
Let e (M . If R(z) and I(z) 
2 2 2 2 


respectively denote the real and imaginary parts of z, then 
(10-1-2019/Shift -1) 


(b) R(z)> 0 and I(z) > 0 
(d) R(z) - -3 


(a)I(z) = 0 
(c) R(z) < 0 and I(z) > 0 


3 
1. x-ciy (. 
La [ 2 L) = mon (i= v 1), where x and y are real 


numbers then y- x equals: (11-1-2019/Shift -1) 


Let z be a complex number such that |z| + z = 3 + i 
(where i= J-1 ). Then |z| is equal to : 
(11-1-2019/Shift -2) 


J/34 5 
(a) 3 (b) 3 
J41 5 
(c) a (d) 4 


COMPLEX NUMBERS 


21. 


22. 


23. 


24. 


25. 


_ 26. 

Ir = " (a e R) is a purely imaginary number and | z |= 2, 
z+a 
then a value of a is (12-1-2019/Shift -1) 
(a) 2 (b)1 
l 
OF ( 42 
Let z, and z, be two complex numbers satisfying za =9 
and |z, —3—4i| = 4. Then the minimum value of |z, — z,| 
Is: (12-1-2019/Shift -2) 
(a) 0 (b) 2 
27. 

(c) 1 (d)2 


"uU M 2x 
1+sin —+icos D 
The value of | ——— — | is: 


. 2m . 2x 
1+sin — — i cos — 
9 9 


(2-9-2020/Shift-1) — 28: 


(a) - 0-3) (b) La) 


(c) -5 3-0) (d) 503-1 


The imaginary part of (3+2 [-54y? me [-54y 29. 


can be : (2-9-2020/Shift -2) 
(a) J6 (b) -2/6 
cr (d) 6 


NM 
If =) (RE =1,(m,neN) then the greatest 30. 


i-l 


common divisor ofthe least values of m and n is ......... . 


(3-9-2020/Shift -1) 
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If Z, Z, are complex numbers such that 


Re (z) 2|z, -1|, Re(z,)=|z, -1| and arg 


1 
(2, -z) E then Im (z +z,) is equal to: 


(3-9-2020/Shift -2) 


2 
(a) 24/3 GE 
| 5 
p d A 
OB rs 
2z+i A 
Let u= -,z=x+iyand k > 0. If the curve 


Z— 


represented by Re(u) + Im (u) = 1 intersects the y-axis at 
the points P and Q where PQ = 5, then the value of k is : 
(4-9-2020/Shift-1) 


(a) 4 (b) 12 
(c) 2 (d) 3/2 


If a and b are real numbers such that (2 +o)* 2 a+ba, 


where a = -2 then a + b is equal to: 
(4-9-2020/Shift -2) 

(a)33 (b) 57 

(c) 9 (d) 24 


If the four complex numbers z,z,z —2 Re(z) and z-2Re(z) 


represent the vertices of a square of side 4 units in the 


Argand plane, the |z] is equal to: (5-9-2020/Shift-1) 


(a) 2 (b)4 
(c) 4/2 (d) 2/2 
A3 š 
The value of | li J Is: (5-9-2020/Shift -2) 
(a) 25i (b) -25 


(c) -25i (d) 6° 
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31. 


32. 


33. 


34. 


The region represented by 


{z=x+iyeC:|z|—-Re(z) <1} is also given by the 


inequality: (6-9-2020/Shift -1) 


(a) Pa (b) y rel 


(c) y? 2 (x41) (d) y' x41 
Let z = x + iy be a non-zero complex number such that 


i , Where ; = 4—1, then z lies on the 


z =i| 


(6-9-2020/Shift -2) 


(a) line, y =x (b) real axis 
(c) imaginary axis (d) line, y=-x 
z-1 A ; $ 
IfRe | J- 1, where z =x + iy, then the point (x, y) lies 
Z+1 
on a (7-1-2020/Shift -1) 
à a 1 3 
(a) circle whose centre is at EC EC 


(b) straight line whose slope is B 


(c) circle whose diameter is 


[on 


(d) straight line whose slope is C4) 


3+isln 0 


ey. 0c [0, 27] , is a real number, then the 


argument of sin 0 - icosÓ is 


(a) Z — tan’ B5 
3 

(c) 7—tan ' B 
4 


(7-1-2020/Shift -2) 


(b) —tan ' B 
4 
(d) tan! B 
3 


35. 


36. 


Ge 


38. 


39. 


40. 


7. 
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If the equation, x^ +bx+45 = 0 (b e R) has conjugate 


complex roots and they satisfy |z +1 |= 24/10 , then: 
(8-1-2020/Shift -1) 


(a) b’ +b 212 (b) b? p= 42 
(c) b? -b 230 (d) b? - b 2 72 
= ; 100 100 
Let a ANE eq =(I+a) a” and b= Yow" , then 
k-0 k-0 


a and b are the roots of the quadratic equation: 
(8-1-2020/Shift -2) 
(a) x +101x+100=0 (b) x? +102x +101 =0 


(c) x -102x 410120 (d) x^-101x4100 =0 


z-i 


Let z be a complex number such that =1 and 


z+2i 


|z| = > Then the value of |z+3i] IS 


(9-1-2020/Shift -1) 


(a) v10 


7 
(b) 2 


(c) 2 (d) 243 


Ifzbea complex number satisfying |Re(z)|-|Im(z)|-4, then 


|z| cannot be: (9-1-2020/Shift -2) 
17 

Ye WE 

(e) J10 (d) Jg 


Let z be those comples numbers which satisfy |z + 5| <4 
and z(1+i)+Zz(1 -i) 2-10,1- ies. If the maximum 


value of z+ is a+BvV2, then the value of (a+B) is 
(26-02-2021/Shift-2) 
The sum of 162" power of the roots of the equation 


x? -2x”+2x-1=0 is (26-02-2021/Shift-1) 
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41. 


42. 


43. 


44. 


45. 


46. 


Let the lines (2-i)z = (2+i)Z and 


(2+i)z+(i-2)z—-4i=0, (here į? — _1)be normal to a 


circle C. Ifthe line iz - z - 121-0 istangent to this circle 
C, then its radius is: (25-02-2021/Shift-1) 


3 3 

(a) N71 (b) 248 
l 

(c) 342 (d) 22 


If a, B € R are such that 1—2i (here i? 2 —1) is a root 

z? - az +B = 0, then (a — B) is equal to: 
(25-02-2021/Shift-2) 

(a) 3 (0) 7 

(c)-7 (d) 3 


+ ayi NL 
Let i= 1. If ( 1+iv3) , Cri) =k, and 
(1-1) (14-1) 

n=[|k|] be the greatest integral part of Ik]. Then 
n+5 n+5 
Y,G-5! -MG-«5 is equal to 
j-0 j=0 

(24-02-2021/Shift-2) 


If the least and the largest real values of a, for which the 
equation z+az-1|+2i =0 (z e Candi = V-1) has a 


solution, are p and q respectively; then 4(p” +q?) is 


equal to (24-02-2021/Shift-1) 


If the equation a|z|' +az+az+d=O0 represents a 


circle where a, d are real constants, then which of the 
following condition is correct? (18-03-2021/Shift-1) 


(a) ja? —ad+0 

(b) |a ad ZX0and a e R 

(c) a =0, a, de R* 

(d) |a -ad >0 and a ER - {0} 


Let z,,z, be the roots of the equation 


1? 
z? + az + 12 = 0 and z,, z, forman equilateral triangle with 
origin. Then, the value of |a | is .................. a 


(18-03-2021/Shift-1) 


47. 


48. 


49. 


50. 


51. 
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Leta complex numberbe w =1— „Bi. Letanother complex 


number z be such that |Izw] =1 and 


T 
arg (z) — arg (w) = P Then the area of the triangle with 


vertices origin, z and œ is equal to : 


(18-03-2021/Shift-2) 


l 
(@4 (b) 5 


1 
(c)2 (d) 4 
If f(x) and g(x) are two polynomials such that the 
polynomial P(x)= f (x^ )+ x g(x’) is divisible by 


x?+x+1, then P(1) is equal to 
(18-03-2021/Shift-2) 


Let a complex number z, 


z| #1, satisfy 


|z|+11 
ACE 


«2. Then, the largest value of |z| is equal 


to . (16-03-2021/Shift-1) 
(a) 7 (b)6 
(c) 5 (d)8 


Let z and o be two complex numbers such that 


= Z+1 
M=zz—-2z+2, 


z—-3i 


=] and Re(o) has minimum 


value. Then, the minimum value of n e N for which w” is 


real, is equal to (16-03-2021/Shift-1) 


The least value of |z| where z is complex number which 
satisfies the inequality 


ou]! z+3X1z|-D 


| — «ij log, 2 pins [54/7 +9i| is equal 


to (16-03-2021/Shift-2) 
(a) 8 (b)3 


(c) Js (d)2 
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52. 


53. 


54. 


55. 


The area of the triangle with vertices A(z),B(iz) and 


C(z+iz) is: (17-03-2021/Shift-1) 
liz+izf yl ” 
(a) 5 (b) 5 
“izi ài 
OF (d) 
Let S,, S, and S, be three sets defined as 
S, = {ze C:|z-1|< V2} 
S, = {ze C: Re ((1-i)z)2 1} 
S, = {ze C: Im(z)<1} 
Then the set S, A S, A S, (17-03-2021/Shift-2) 
(a) is a singleton 
(b) has exactly two elements 57 
(c) has infinitely many elements 
(d) has exactly three elements 
Ifz and o are two complex numbers such that Iza] =] and 
3n 1-2Z0 : 
arg(z)-arg(o) = 5 then 28 7775) is: 
S8. 
(Here arg (z) denotes the principal argument of complex 
number z) (20-07-2021/Shift-1) 
(a) = (b -7 
E ) 74 
© -F WI 
E" 4 
The point P (a, b) undergoes the following three 59 
transformations successively: : 
(1) reflection about the line y = x. 
(2) translation through 2 units along the positive direction 
of x-axis. 
(3) rotation through angle x about the origin in the anti- 
60. 


clockwise direction. 


If the co-ordinates of the final position of the point P are 


7 


1 
É: +) then the value of 2a + b is equal to 


72 


(27-07-2021/Shift-2) 
(a)9 (b)5 
(c) 13 (d)7 
Let C be the set of all complex numbers. Let 


S, ={zeC:|z-2|<1}and 


S, = {z EC:z(1+i)+z(1-i)2 4) Then, the maximum 


2 


value of 


5 
Z—— 
2 


for zeS, OS, is equal to: 
(27-07-2021/Shift-2) 


e (b) ned 


(a) 


349 (d) 54242 


073 4 


Ifthe real part ofthe complex number 


_ 3+2icos0 


——————,0€ 0,2 is zero, then the value of 
1-3icos0 2 


sin” 30 +cos” 0 is equal to 


(27-07-2021/Shift-2) 
Let n denote the number of solutions of the equation 


z’ +3Z = 0,z is a comples number. Then the value of 


el 
2T is equal to: (22-07-2021/Shift-2) 


k=0 N 

(a) 1 (b)2 
4 3 

(6) 5 OF 


The equation ofa circle is 


Re(z’ ) + 2(Im(z)) + 2Re(z) =0, where z = x + iy. A 
line which passes through the center of the given circle 
and the vertex of the parabola, x^ —6x — y +13 = 0 has y- 


intercept equal to (25-07-2021/Shift-2) 


Iffor the complex numbers z satisfying |Z =2= 2i «1, the 


maximum value of Biz + 6 is attained at a+ib, then a+b 


is equal to ? (01-09-2021/Shift-2) 
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61. 


62. 


63. 


64. 


65. 


66. 


The least positive integer n such that 


(1-1)? 


is a positive integer is (26-08-2021/Shift-2) 


If S= É m e Rt. then: (27-08-2021/Shift-1) 
z+2i 


(a) S is a circle in the complex plane 
(b) S contains only one element 
(c) S is a straight line in the complex plane 


(d) S contains exactly two elements 


The equation arg — ett represents a circle with : 68 
z+1) 4 : 


(26-08-2021/Shift-1) 


(a) centre at (0, -1) and radius J2 
(b) centre at (0, 1) and radius 2 


(c) centre at (0, 1) and radius J2 


(d) centre at (0, 0) and radius sò 69. 


Let z= = ei . Then the value of 


1-13 ; 
5 , 


(26-08-202 L/Shift-1) 


Let z, and z, arg(z 


equation z-3 - Re(z). Then the imaginary part of 
Z, +Z, is equal to (27-08-2021/Shift-2) 


A point z moves in the complex plane such that 


ar E E ini 
g 742 4 then the minimum value of 


Iz -942 -2i['is equal to ? 


(31-08-2021/Shift-1) 


(i 8 JL 6. 


T 
17z)= A and z,,z, satisfy the n 
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If a, = cos + isin r =1,2,3,..41= VAL then the 


a, a, a, 


: a, a, a: 
determinant | ^ ? 5 is equal to? 
a, a, a, 


(31-08-2021/Shift-1) 
(a) a,a, —a,a, 


(b) a,a, — a,a, 


(o) a, (d) a, 
. z-i. T 
Ifzisa complex number such that 71 is purely imaginary, 
Z — 


then the minimum value of |z — (3 + 3i )| is 
(31-08-2021/Shift-2) 

(b 6/2 

(d) 242 -1 


(a) 3/2 
(c) 22 


If (v3 zu =2” (p-- iq), then p and q are roots of the 


equation: (26-08-2021/Shift-2) 


(a) x° + V3 +1)x +3 = 0 
(b) x? «(V3 -1)x - 43 
(c) x (43 +1)x +43 = 0 


(d) x* -(43 -1Jx -3 =0 


Let C be the set of all complex numbers. Let 


S, ={zeC||z-3-2i/=8} 


S, - [ze C| Re(z) 2 5] and 


S; -[zeC||z-z > 8). 


Then the number of elements in S, AS, OS, is equal to: 
(27-07-2021/Shift-1) 

(a) 1 (b)0 

(c) Infinite (d) 2 
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EXERCISE - 3 : ADVANCED OBJECTIVE QUESTIONS 


Objective Questions I [Only one correct option| 7. If 0 e (0, m, the principal value of the arg (z) and |z| of 
kai 5 
S : : “CA; the complex number z A oOo, is 
1. 1-2i sin 0 Wil be purely imaginary, if 0 is equal to (cos 0+isin 9) 
T x 
(a) 2nnt— (b) nat. E 32 cos? 2 b 8 32 d 
T 
(c) nt+— (d) None of these 0 49 
3 (c) E COS 2 (d) None of these 
2. If (a + ib) (c + id) (e + if) (g + ih) = A + i B, then 
(a? + b?) (c? + d?) (e? + P) (g? + h?) is equal to 8. If z = re^, then | i*| is equal to 
(a) A2 ye B? (b) A? + B? (a) et sin 0 (b) re”? sin 0 
(c) A^ + B“ (d) A“ — B* 
-7 r cos 0 
3. The area of the triangle on the complex plane formed by (c) e ? (d) re***? 


the complex numbers z, iz and z + iz is 


9. The minimum value of |[Z-1+2i|+|4i-3-Z] Is 
(a) z} (b) |z ° 
, (a) 45 (5 
(c) L (d) none of these 
(c) 2413 (d) v15 
4. Ifarg (Z) = arg (z,), then 10. If\z?—1)=|z? +1, thenz lies on 
(a) z,=kz,'(k>0) (b) z,=kz (k»0) (a) a circle (b) the imaginary axis 
(c) |z, HZ | (d) None of these (c) the real axis (d) an ellipse 
S: z and o are two non zero complex number such that 4 
Iz| = |o| and Arg z + Arg œ= z, then z equals 11.  If|z-—|-22,then the maximum value of|z | is equal to 
Z 
(a) © (b)-© 
(c) o (d) —o (a) 4341 (b) 5 +1 
6. Ifzisa complex number ofunit modulus and argument 0, 
(c)2 (d) 24/2 


l+z\. 
en E 3 cau 12. Ifz’—z+1=0, then z*— z", where n is a multiple of 3, 
is 
(a) -0 (b) Tan (a) 2 Cl)" (b) 0 
2 


(c) (-1)*! (d) None of these 
(c) 0 (d) 1—0 
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13. 


14. 


15. 


16. 


17. 


The value of the expression 18. 


1t aZ) [2821 7J 

[o [o ® a 

Le). — Henne (ns. 
a) © O èk 


19. 
where o is an imaginary cube root of unity, is 
n (n? +2) n (n? -2) 
— NS ay ae 
EE boz 
2 1 2 4 
(c) ue — Eli (d) None of these 
lo 3 
Which of the following is a fourth root of E + I 20. 
(a) cis (b) cis 
12 2 
(c) cis = (d) cis 
6 3 


If a, p, y are the cube roots of a negative number p, then 


for any three real numbers x, y, z the value of 21. 


xac yp-zy . 
———— — is 
xp + yy + za. 


12148 -1—i3 


a b 
(a) 5 (8)— 5 
(c) (x * y t z)i (d) x 
22. 
The complex number z = 1 + i is rotated through an angle 
3m. eee -" 
— inanticlockwise direction about the origin and stretched 
by additional Jo units, then the new complex number is 
23. 


(a) 2 -V2i (b) J2 -V2i 


© 2- zi (d)2-2i 

The equation |z + 1-i|=|z—1 + i| represents a 
(a) straight line (b) circle 

(c) parabola (d) hyperbola 
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If z, and z, are two complex numbers satisfying the equation 


ara = 1, then £ is 
Z —1Z, Z, 
(a) purely real (b) ofunit modulus 
(c) purely imaginary (d) None of these 
if [25 2 = K, K> 0 (z, z,#0), then 
ZZ +Z, 


(a) for k + 1, locus z is a straight line 

(b) fork e {1,0}, z lies on a circle 

(c) for k #0, z represents a point 

(d) for k z 1, z lies on the perpendicular bisector of the line 


ree Z Z, 
segment joining —and—— , 
Zi Z, 


If the complex numbers z, z 


l-i v3 -— 
= then triangle is 
Z =Z 2 


» Z, Satisfying 


Z — Z, 


(a) an equilateral triangle 
(b) a right angled triangle 
(c) a acute angled triangle 


(d) an obtuse angled isosceles triangle 


If A and B be two complex numbers satisfying A n =]. 


Then the two points represented by A and B and the 
origin form the vertices of 


(a) an equilateral triangle 

(b) an isosceles triangle which is not equilateral 
(c) an isosceles triangle which is not right angled 
(d) a right angled triangle 


Let z, and z, be two roots of the equation z? + az +b = 0, z 
being complex. Further, assume that the origin, z and z, 
form an equilateral triangle, then 


(a) a?=2b (b) a?=3b 
(c) c?= ab (d) a” =b 


Letz,, z, and z, be three points on [7] = 1. If 0,, 0, and 0, be 


122 
the arguments of z, z, Z, respectively, then 


cos (0, — 0,) + cos (0,— 0.) + cos (0,— 0)) 


3 3 
S225 p Em 
(a) 2-5 (b) 5-5 
3 
(c) 2 > (d) none of these 
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24. 


25. 


26. 


27. 


28. 


If Z = Q u 


n = Cos — + isin — — —— for 
n(n-41) (n^ 2) n(n+l) (n+2) 


n=1,2,3,....., k, then the value of Lim (Z Z,.....Z ) İS 


kooo 


Dod l x3 
@ J: V2 DE EI 
o (d) + : 
a a, a" sa 


If z is a complex number satisfying |z?— 1|=4 |z], then the 


minimum value of |z] is 


(a) 24544 (b) 245-4 


(c) J5 -2 (d) None of these 

The area of the triangle whose vertices are i, a, D, where 
i-4-1 and a, B are the non-real cube roots of unity, 
Is 


345 


343 
(a) ES (b) E 


4 


(d) E 


(c) 0 j 


The roots of (z -1)' =2@(z+1)' (where n > 3 and o is 


complex cube root of unity) lie on a 
(a) straight line (b) ellipse 
(c) circle (d) rectangular hyperbola 


Let P denotes a complex number z on the Argand's plane, 
and Q denotes a complex number 4/2|z| CiS E 


where 0 = amp z. If ʻO’ is the origin, then the AOPQ is 
(a) isosceles but not right angled 

(b) right angled but not isosceles 

(c) right isosceles 


(d) equilateral 


29. 


30. 


31. 


32. 


33. 
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then |w| = 1 


. 2 


If z = x + iy and ge e 
z-i 

implies that in the complex plane 

(a) z lies on the imaginary axis 

(b) z lies on the real axis 

(c) z lies on the unit circle 

(d) None of the above 

If z, lies in |z-3| < 4, z, on |z-1| + |z +1| = 3 and 

A = |z -Z,|, then 


(à) 0€ A «B. (By Ue Aces 
2 2 
17 


17 
() 0s AS (a) 05A «— 


The system of equations | z +1 +i |= ee J/-1 ) has 
|z|=3 


(a) no solution (b) one solution 


(c) two solutions (d) none of these 


If|z|=max (|z- 1|, |z+ 1|} then 


l 
(a) A (b) z-z-1 


(c) |z+Z=1 (d) None of these 


Locus ofz, if 


em when | z| x| z - 2] 
arg[z—(1+1)]= is 
re when |z|>|z—2| 


(a) straight line passing through (2, 0) 

(b) straight lines passing through (2, 0), (1, 1) 
(c) a line segment 

(d) a set of two rays 


Objective Questions II [One or more than one correct option] 


34. 


If z, =a + ib and z, = c + id are complex numbers such 
that |z,| = |z| = 1 and Re (z,Z,) = 0, then the pair of 
complex numbers w, = a + ic and w, = b + id satisfies 


(a) Iw] -1 (b) |w,|=1 


(c) Re(w,w,)=0 (d) None of the above 
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35. 


36. 


37. 


38. 


39. 


40. 


Let z, and z, be complex numbers such that z, # z, and 


|z | ^ |Z, |. Ifz, has positive real part and z, has negative 


Z +Z, 


imaginary part, then may be 


1725 


(a) zero (b) real and positive 


(c) real and negative (d) purely imaginary 


Let z,, z, be two complex numbers represented by points 
on the circle |z] = 1 and |z| = 2, respectively, then 


(a) max |2z +z,|=4 (b) min [z -z,|=1 


(c) Z, M «3 (d) None of these 


Zi 


If a complex number z has modulus 1 and argument 
1/2, then z? + z 


(a) is purely imaginary 

(b) has modulus NE 

(c) lies on the imaginary axis 
(d) none of these 


If a is an imaginary constant such that az? + z + a=0 


has a real root, then 

(a) a+a=l 

(b) a+a=0 

(c) a+a=-l 

(d) the absolute value of the real root is l 


If o 1 is a complex cube root of unity, then sum of the 


series S= 1 - 200 t 3o 7 ... + 3no*! (n e N) is 
3n j 

Or (b) n(o* -1) 

(c) 0 (d) 1 


If Z, Z, represents points P, Q on the locus |z-1|-1 and 

a T ; 
the line segment PQ subtends an angle 2 at the points 
z = 1, then z is equal to 


i 


(a) 1 t i(z,-1) (b) 


Zz,-1 


() 1 — i (z,-1) (d) i (z,-1) 


41. 


42. 


43. 
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E 
RM 


If A (z), B (z,) and C (z,) be the vertices of a triangle ABC 


d 


2 


in which ZABC = “and SE = 4/2, then the value of z 


is equal to 
(a) Z, + 1 (Z +z) 


(c) Z, +i (Z, — Z,) 


(b) z,— i (Z — Z,) 
(d) None of these 


Suppose A(z,), B(z,) and C(z,) are vertices of a triangle 
lying on the unit circle |z] = 1. AD is altitude of the AABC 
meeting the unit circle in E. 

(a) orthocentre of AABC is z + z, + z, 

(b) affix of E is —z,z,/z, 

(c) if z? = zz, and Zz? = ZZ, 


(d) if z, + z,= 0, then AABC is a right angled. 


then AABC is equilateral 


If z,, Z,, Z, Z, are roots of the equation 


j 2 4 | = 
az‘ + a Z° tar + a,z + a, = 0, 


where ap a, a, a, and a, are real, then 


(a) Z,Z,,Z,,Z, are also roots of the equation 


(b) z, is equal to at least one of Z,,Z,,Z;,Z, 


(c) —Z,,-Z,,—Z,,—Z, are also roots of the equation 


(d) None of the above 


Numerical Value Type Questions 


44. 


45. 


46. 


47. 


48. 


. 6 . 6 
The value of L+iv3 + 1-iv3 is 
13 tan 


Ifz?+z+1=0, where z is a complex number, then the value 


Y iy fa Y "E ks 
ofizt—-|*|Z +>] HZ +4] Ft| Z +— Is 
Z Z Z Z 


Number of common roots of the equations 


z”4+2z”+2z+1=0and z^9 


+z'"”+1=0, z being a 
complex number, is 


Ifa and Bare different complex numbers with |B| =, then 


For a complex number z the minimum value of 
|z|+|z—2|is 
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49. Ifa,b,c are three distinct real numbers and oz 1 is a complex 


a + bo co? 
— az ,. —1 is 


cube root of unity, then the value of "m" 


50. — Ifzlies on the circle centered at origin and if area of the 
triangle, whose vertices are z, oz and z + oz, ( being an 
imaginary cube root ofunity), is 4/3 sq. units. Then radius 
of the circle is 

51. If 1, x,,x,, x, are the roots of xt- 1 =0 and wis an imaginary 
cube root of unity, then the value of 


(9 -x ) (e -)(9^ 7). 


(o—-x)(e-x)(o-x) S 


2z-i 


52.  IfzeC,then =m, m e Rrepresents a straight line 


5z+1 
if10m= 

S3. Ifa point z is the reflection of a point z, through the line 
bz + bz = c, b z 0, in the Argand plane, then bz, +bz, is 
equal to kc, then value of k is 


54. Number of complex numbers z such that |z| = 1 and 


z Z 
a 
Z Z 


=] is 


Assertion & Reason 


(A) IF ASSERTION is true, REASON is true, REASON is a 
correct explanation for ASSERTION. 


(B — IfASSERTION is true, REASON is true, REASON is not 
acorrect explanation for ASSERTION. 


(CO If ASSERTION is true, REASON is false. 
(D | If ASSERTIONisfalse, REASON is true. 


55. Assertion : If z is a complex number (z # 1), then 


LN 


<| arg z| 
[Z| 


Reason : In a unit radius circle chord (AP) x arc (AP) 


(a) A (b) B 
(0C (d)D 
š 1. 3 
56. Assertion : If |z| 2 2, then the least value of |z+ T is y 


Reason: |z + z| < |z| + |z 


(a)A 
(c) C 


(b)B 
(d) D 
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Match the Following 


Each question has two columns. Four options are given 
representing matching of elements from Column-I and 
Column-lII. Only one of these four options corresponds 
to a correct matching. For each question, choose the 
option corresponding to the correct matching. 


57. | Match the following 
ColumnI 
(A) | Locus of the point z 


Column II 

(P) Acircle 
satisfying the equation 
Re (2) - Re (z +Z) 

(B) | Locus of the point z (Q) A straight line 
satisfying the equation 
zz |+ |z-z, FÀ, à e R* 
anda < |z —Z,| 

(C) Locusofthe point z (R) An ellipse 


satisfying the equation 


2z-i 


= m, where 


z+1 


is«-1.meR: 


(D  If|z|-25,then the points (S) A rectangular 


representing the complex hyperbola 


number —14+75 z will be on 


The correct matching is 
(a) A-S; B-Q,R; C-Q,P; D-P 
(b) A-Q; B-P; C-Q,P; D-S 
(c) A-P; B-Q; C-R; D-S 
(d) A-S; B-Q; C-R; D-P 


S8. Match the equation on the left with the curve they 
represent on the right 


Column 1 Column 2 
(A) z -3|-- [z- i| 7 10 (P) circle 
2z -3 
B) 7 - 2 (Q) hyperbola 
(O) zi«z?-5 (R) straight line 
ze. 3 
(D) EET (S) ellipse 


The correct matching is 
(a) A-S; B-R; C-P; D-Q 
(b) A-S; B-P; C-Q; D-P 
(c) A-S; B-R; C-R; D-P 
(d) A-S; B-R; C-Q; D-P 
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Using the following passage, solve Q.59 to Q.62 


Passage — 1 


2 .. eae 
Let w = cos ELE and a = w + w? + w“ and 


B=w'+w'+wi, 


59. aß equals: 


(a)-1 (b)0 
(c) 1 (d)2 
60. | a and p are roots of the equations : 
(a) k+x+1=0 (b) xk+x+2=0 
(c) x -x3x 5-0 (d) None of these 
61.  2aequals: 
(a) —I+ 7i (b) 1-471 
()1+7i (d)1—7i 


ae 
62. > w. equals : 


k=0 
(a)i (b) J7i 
©- (d) -V7i 

Using the following passage, solve Q.63 to Q.65 

Passage — 2 
Letz =a +ib =(a,, b,) and z,=a,+ ib, = (a, b,); where 


i=~-—1, be two complex numbers. 


Q (z;) 


P (z4) 


and 


63. 


64. 


65. 
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If ZPOQ = 0, From Rotation theorem 


Z -0 |zj| io ZZ ML 

z-0 |z] zz |zl 

Z, Z Z = 
zn. len > zz =12 Ilza [e 
|Z, | |Z, | 


ZZ, =| z ||z,|(cos0--isin0) 
Re (z, z)-z,||z,]cos0 ..(1) 
Im(z;z)-z,|z,lsinO ..GD 


The dot product of z and z is defined by z . z, = |z | |z,| 


cos 0 = Re (Z,Z,) [from (1)] and cross product of z and z, 


is defined z, x z,= |z | |z,|sin 0 = Im (z,z,) [from Eq. (i1)] 


Ifz,=2+ 5i, z,=3 -—i, then the value of (ez +Z, xZ) 


is equal to 
(a)2 (0) 3 
(c) 2453 (d) 32 


If z = 3 + 4i and z, = 4 + 3i, then the value of 


sino x <0< =) is equal to 
l 7 
a) —— b)-— 
a 7 (b) 25 
24 nd 
(c) ; (0 -35 


If z, = 5 + 12i and z, = 3 + 4i, then (the projection of 
z on z, + projection of z,on z ) is equal to 


4131 3411 
1 b = 
@ -a UT 
1134 NE 
© Gs (d) "es 
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EXERCISE - 4 : PREVIOUS YEAR JEE ADVANCED QUESTIONS 


Objective Questions I [Only one correct option] 


1. 


Let z, and z, be n" roots of unity which subtend a right 


angle at the origin, then n must be of the form 


(where k is an integer) (2001) 
(a) 4k+1 (b) 4k - 2 
(c) 4k -3 (d) 4k 


The complex numbers z,, z, and z, satisfying 


Z-z, l- i 
a= are the vertices of a triangle which is 
E 2 


(2001) 
(a) ofarea zero (b) right-angled isosceles 
(c) equilateral (d) obtuse-angled isosceles 


1 .v3 
Let ME e then value of the determinant 


1 1 l 

1 -1-o ofis (2002) 
l ow a) 

(a)3 œ (b) 3 o (c- 1) 

(c) 3o? (d)3 o(1—0) 

For all complex numbers z,, z, satisfying | z ||= 12 and 


|z,-3 — 41| 75, the minimum value of |z —z,] is 


(2002) 
(a) 0 (b)2 
(o) 7 (d) 17 
If|z|= 1 and w =£ (where z + —1), then Re (w) is 
Z+ 
(2003) 
1 
(a) 0 (b) |z+1P 
ES 42 
Ozriliz+1f zak 


If o( 1) be a cube root of unity and (1 +o Jj = (1 +0 y i 


then the least positive value of n is (2004) 
(a) 2 (b) 3 
(c) 5 (d)6 


The minimum value of [a + bo + cox, where a, b and c are all 


not equal integers and o (= 1) is a cube root of unity, is 
(2005) 

1 

(a) B (b) 5 


(c) 1 (d)0 
The shaded region, where P = (—1, 0), Q=(-1+ Ya. A pi ); 


R=(-1+ SDN ), S=(1, 0) is represented by (2005) 


(a) |z+1|>2,| arg (2 +1) KZ 
(b) |z+1|< 2,| arg (z+1) KZ 
(c) | ze 1|» 2,| arg (Db 


(d) |z-1k 2,| arg (2+DP 7 
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10. 


11. 


12. 


13. 


Ifw=a+iß, where B z Oand z z 1, satisfies the condition 


w-wz |. : 
that “laz Jis purely real, then the set of values of z is 


(2006) 


(a) |z]=1, ze2 (b)|z|- 1and z zl 


(c) Z=Z (d) None of the above 


A man walks a distance of 3 units from the origin towards 
the north-east (N 45? E) direction. From there, he walks a 
distance of 4 units towards the north-west (N 45°W) 
direction to reach a point P. Then, the position of P in the 


Argand plane is (2007) 


(a) 3ein/4 + 4i 
(c) (4—3i)e™ 


(b) (3 —4i)e™* 
(d) G +4i)e™* 
VA 
If|z|=1 and z#+1, then all the values of 1o lie on 
(2007) 


(a) a line not passing through the origin 
(b) |z |= 2 

(c) the x-axis 

(d) the y-axis 


A particle P starts from the point z € ] * 2i, where i = 4-1. 


It moves first horizontally away from origin by 5 units and 
then vertically away from origin by 3 units to reach a point 


z,. From z the particle moves ./2 units in the direction of 


M x 
the vector i+ j and then it moves through an angle 2 in 


anticlockwise direction on a circle with centre at origin, to 
reach a point z,. The point z, is given by 


(2008) 
geri (b)-7+6i 
()7+éi (d)-6+7i 
15 cd 
Let z = cos 0 + i sin 0. Then, the value of > Im (z^?) at 
m=1 
0-2? is (2009) 
1 1 
a sin 2? O) 3sin 2° 
1 d 1 
(e) 2 sin 2? a 4 sin 2? 


14. 


15. 


16. 


17. 
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Let z = x + iy be a complex number where x and y are 


integers. Then, the area of the rectangle whose vertices 
are the roots of the equation zz? +zZ° 2350 is (2009) 


(a) 48 (b) 32 


(c) 40 (d) 80 


Let œ+ 1 be a cube root of unity and S be the set of all non- 


2 


b 
c |, where eachof 
O l 


1 a 
singular matrices of the form | œ 1 
W 


a, b and c is either œ or œ. Then the number of distinct 


matrices in the set S is (2011) 
(a) 2 (b)6 
(c) 4 (d) 8 


Letzbe a complex number such that the imaginary part of 


zis non-zero and a =z?+ z + 1 is real. Then, a cannot take 


the value (2012) 
1 
(a)-1 (b) 5 
1 N 
(5 Oo; 


i 
Let complex numbers a and — lies on circles 
a 


(x -X)** (y - y?» rand 


(x — X * (y - Y - 4r, respectively. 
If z, — x, * iy, satisfies the equation 2|z |*= r'+2, then |a] is 


equal to (2013) 


1 1 
(a) T (b) > 
1 1 
(c) F (d) 3 
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18. 


19. 


Let S be the set of all complex numbers z satisfying 


|z—2+i |> V5. If the complex number z, is such that 


l 
is the maximum of the set } ——:z € S p ‚then 
| zo-1| |z — l| 
Zo — zo 
the principal argument of — is (2019) 
Z, — Zo +2i 
(a) — () = 
4 4 
0-5 (à = 
n 2 


Let 0,,0,,....Oj be positive valued angles (in radian) such 
that 0, + 0, +....+0j, = 27. Define the complex numbers 
z, =el zi = zy je for k 22,3,.,10 where i= 4-1. 
Consider the statements P and Q given below: 


2 2 
+z = Zio |< 4r 


Then, 

(a) Pis TRUE and Q is FALSE 
(b) Qis TRUE and Pis FALSE 
(c) Both P and Q are TRUE 
(d) Both P and Q are FALSE 


(2021) 


Objective Questions II [One or more than one correct option] 


20. 


Let z, and z, be two distinct complex numbers and let 
Z— (1— €) z,* tz, for some real number t with 0 «t « 1. If arg 
(w) denotes the principal argument ofa non-zero complex 


number w, then (2010) 


(a) | Z—z,|+ |Z2—z,|=|2,=2, | 


(b) arg (z—z,) =arg (z —z,) 


(d) arg (z — z,) = arg (z,- z,) 


21. 


22. 


23. 


24. 
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341 
Let y X and P = (w^: n = 1, 2, 3,....). Further 


H, -[reCime(z)» 5 and, =|zeC:Re(2)<-5}, 


where C is the set of all complex numbers, if z, € P O H, z, 
ePAH, and O represents the origin, then Zz, O z, is equal 


to (2013) 
n n 

(a) > (b) A 
2n 5n 

Ole (d) = 


Let w be a complex cube root of unity with œ + 1 and 
P= [p;] bean x n matrix with p- œit, Then, P?z 0, when 


n is equal to (2013) 
(a) 57 (b) 55 
(c) 58 (d) 56 


Leta, b e Rand à + b? z 0. 


l 
SEe:zZzECiIZE LER, (40>, 
Suppose | mm | where 


1—X-1l.Ifz-x *iyandz e S, then (x, y) lies on 
(2016) 


l l 
(a) the circle with radius — and centre (x 
2a 2a 


fora»0,b=0 


l 1 
(b) the circle with radius —— and centre (x6) 
2a i 


fora <0,b z 0 

(c) the x-axis fora #0,b=0 

(d) the y-axis for a = 0, b z 0 

Let a, b, x and y be real numbers such that 


a—b=1 and y z 0. If the complex number z = x + iy 


az+b 


satisfies m| E y, then which of the following 


Z+ 


is(are) possible value(s) of x ? 


(a) -1- J1- y? (b 1- Jia. y? 
(c) 1-414 y? (d) sj 


(2017) 
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25. 


26. 


For a non-zero complex number z, let arg(z) denote the 
principal argument with —7 < arg (z) «n Then, which of 


the following statement(s) is (are) FALSE? (2018) 


(a) arg (-1-i) = g where =J-1 


(b) The function f : 


Roq»(-1,1] defined by 


Ait) = arg(-1 + it) for all t eR, is continuous at all 
points of IR, wherei = TE 


(c) For any two non-zero complex number z, and z,, 


Z 
arg (2) -arg (z; ) - arg(z; ) isan integer multiple of 
2 


2n 


(d) For any three given distinct complex numbers z,, z, 


and z, the locus of the point z satisfying the condition 


iz 
ga 
s 
— 
N 
| 
JN 
— 
— 
N 
N 
| 
N 
Ww 
— 


| = 1, lies on a straight line . 


Let s, t, r be non-zero complex numbers and L be the set of 
solutions z= x +iy[x, yeR,i= V-1) of the equation 


sz+tz+r=0, where z=x-iy. Then, which of the 


following statement(s) is (are) TRUE? (2018) 


(a) If L has exactly one element, then s| T |t 


t 


(b) If |s| = 


, then L has infinitely many elements 


(c) The number of elements in L A iz : lz -l+ i| = 5) is at 


most 2 


(d) If L has more than one element, then L has infinitely 


many elements . 


27. 


28. 
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Let S be the set of all complex numbers z satisfying 
Iz? -- z * 1|= 1. Then which of the following statements is/ 
are TRUE ? (2020) 


m 2^ donallaes 
2| 2 


(a) 


(b) |z|x2 for all z eS 


(c) 


RI sè edo 
2| 2 


(d) The set S has exactly four elements 
For any complex number w = c + id, let arg ( w) € (77, 7] : 


where i= J-1 . Let a and B be real numbers such that for 


+ 
all complex numbers z =x + iy satisfying arg | se J = : 
z+B 4 


the ordered pair (x, y) lies on the circle x+ y? 5x -3y - 4— 0. 

Then which ofthe following statements is (are) TRUE? 
(2021) 

(a) a. — -1 


(c) ap --4 


(b) ap —4 
(d)p-4 


Numerical Value Type Questions 


29. 


30. 


Ifz is any complex number satisfying |z — 3 —2i| < 2, then 


the minimum value of |2z — 6 + 5i| is... (2011) 


kr) .. (ka 
For any integer k, let a, = cos ES + isin EX. where 


is 


i = N-1. The value of the expression « 
j ba e Thao 
k=1 


(2015) 


COMPLEX NUMBERS 


31. 


32. 


Let o be a cube root of unity. Then the minimum of the set 
2 
la ^ bo co | :a,b,c are distinct non zero integers 


equals (2019) 


For a complex number z, let Re (z) denote the real part of z. 


Let T be the set of all complex numbers z satisfying 


z^ -Ef = 4iz*, where i—-4-1. Then the minimum 


: 2 . 
possible value of |z,—z,| , where z,,z, eT with 


Re(z,) » 0 and Re (z,) «0, is... (2020) 


Match the Following 


33. 


(A) 


(B) 


Each question has two columns. Four options are given 
representing matching of elements from Column-I and 
Column-II. Only one of these four options corresponds 
to a correct matching.For each question, choose the option 


corresponding to the correct matching. 

Match the conditions/expressions in Column I with 
statement in Column II. 

zz Q0 is a complex number 


Column II 


(p Re(z)=0 


Column I 
Re(z)=0 
@ Im(z)-0 


arg (z) = Í 


() Re(2)=Im(2)) 


Options 


(a) p q 
(b q r 
© q p 


(d p p 
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34. Match the statement of Column I with these in Column II. 
[Note: Here z takes values in the complex plane and Im (z) 
and Re (z) denotes respectively, the imaginary part and 
real part ofz] 

ColumnI Column II 

(A) The set of points z (p) an ellipse with 
satisfying |z—1| z|Fz+iki] is eccentricity 4/5 
contained in or equal to 

(B) The set of points z (q) the set of points z 

satisfying |z+4|+|z—4|=10 is satisfying Im (z) = 0 
contained in or equal to 

(O` If|wE2, then the set of (r) the set of points z 
points z = w — - Is satisfying |Im (z)| «1 
contained in or equal to 

(D  If|w|-l,thenthesetof (s) the set of points 
points z = w + = is satisfying |Re (z)| <2 
contained in or equal to 

(t) the set of points 
satisfying |z | <3 
(2010) 
Options 
A B C D 
(a) t S r p 


(b) q r t s 
(c) p q r q 


(d) q p t S 
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36. The number of elements in the set A r^ B r" C is 


2kn| . . Í 2kn 
35. Let 2 = COS To +1 sin d0 >k=1,2,....,9. (a) 0 (b) 1 
(c)2 (d) oc 
iii 37. Let z be any point in A m B m C. Then 
List I List I Iz+1-i/+|z—5 — il lies between 
P. Foreachz,thereexistsaz such 1. True (a) 25 and 29 (b) 30 and 34 
thatz .z-1 (c) 35 and 39 (d) 40 and 44 
Q. Thereexistsak e {1,2,....,9} 2. False 38. Let z be any point in A m B A C and let w be any point 
such that z . z = z, has no solution satisfying |w — 2 — i| < 3. Then, |z|- |w| + 3 lies between 
z in the set of complex numbers. (a) -6 and 3 (b) 3 and 6 
(c) ^6 and 6 (d) - 3 and 9 
1525 | baz, asp E525 | . : 
R. 10 equals 3. 1 Using the following passage, solve Q.39 and Q.40 
N m Passage — 2 
s. l- > cos — | equals 4. 2 
kl 10 Let S = S A S, S, where 
P Q R S 
zet 
S,={zeC:|z|<4}, S, 24zeC:Im| —— |»0 
(a) l 2 4 3 l 2 1-48i 
(b) 2 l 3 4 
and S,: (ze C: Re (z)> 0; (2013) 
(c) l 2 3 4 . 
39. Area of S is equal to 
(d) 2 1 4 3 
10 20 
Using the following passage, solve Q.36 to Q.38 (a) a (b) E 
Passage — 1 
(c) 7 o 
aan 2o 
Read the following passage and answer the questions. 3 3 
Let A, B, C be three sets of complex number as defined 40. -— E sie eqtilite 
below Zes 
A= {z:Im(z)21 
(z:1m(221) "We T 
B= (z:|z-2-i|-3] (a) 5 (b) 5 
C= {z:Re((1-i)z)= V2} (2008) 
3-43 34-43 
(c) —— (d) 
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Answer Key 


CHAPTER -2 |COMPLEX NUMBERS 


EXERCISE - 1: 
BASIC OBJECTIVE QUESTIONS 


1. (b) 
6. (b) 
Tl. (b) 
16. (c) 
21. (b) 
26. (b) 
31. (b) 
36. (c) 
41. (a) 
46. (a) 
51. (b) 
56. (0) 


61. (3) 


2. (a) 
7. (d) 
12. (c) 
17. (b) 
22. (d) 
27. (a) 
32. (a) 
37. (b) 
42. (c) 
47. (b) 
52. (b) 
57.(-4) 


62. (6) 


DIRECTION TO USE - 
Scan the QR code and check detailed solutions. 


3. (b) 
8. (d) 
13. (c) 
18. (c) 
23. (c) 
28. (c) 
33. (c) 
38. (b) 
43. (a) 
48. (b) 
53. (4) 
58. (-2) 


63. (1) 


4. (d) 
9. (d) 
14. (d) 
19. (c) 
24. (d) 
29. (c) 
34. (a) 
39. (c) 
44. (a) 
49. (b) 
54. (-2) 
59. (3) 


64. (1.5) 


5. (b) 

10. (b) 
15. (a) 
20. (a) 
25. (d) 
30. (d) 
35. (b) 
40. (d) 
45. (b) 
50. (b) 
55. (0) 
60. (1) 


65. (17) 


EXERCISE - 2: 
PREVIOUS YEAR JEE MAIN QUESTIONS 


1. (c) 
6. (b) 
11. (c) 
16. (d) 
21. (a) 
26. (a) 
31. (a) 


36. (c) 


2. (d) 

7. (a) 

12. (c) 
T7. (a) 
22. (a) 
27. (c) 
32. (a) 


37. (b) 


40.(3.00) 41. (b) 


44. (10.00) 45. (d) 


49. (a) 


54. (c) 


50. (4.00) 


55. (a) 


sa 
EX 
ee 
Ed 
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DIRECTION TO USE - 
Scan the QR code and check detailed solutions. 


3. (a) 

8. (b) 

13. (a) 
18. (a) 
23. (c) 
28. (c) 
33. (c) 
38. (a) 


42. (c) 


46. (6.00) 47. (b) 


51. (b) 


56. (d) 


59. (1.00) 60.(5.00) 61.(6.00) 62. (c) 


64. (13.00) 65. (6.00) 66. (98.00) 


68. (c) 


69. (d) 


70. (a) 


4. (c) 5. (d) 
9. (c) 10. (d) 
14. (c) — 15.(c) 
19. (91) — 20. (b) 
24.(b) | 25.(4.00) 
29.(d) — 30. (c) 
34. (a)  35.(c) 
39. (48.00) 
43. (310.00) 
48. (0.00) 
52.(c) — 53. (c) 
57.(1.00) 58.(c) 
63. (c) 
67. (b) 


ANSWER KEY 


CHAPTER -2 |COMPLEX NUMBERS 


EXERCISE - 3: 


ADVANCED OBJECTIVE QUESTIONS 


DIRECTION TO USE - 
Scan the QR code and check detailed solutions. 


1. (c) 2. (b) 

6. (c) 7. (a) 

11. (b) 12. (b) 
16.(d) — 17. (a) 
21. (a) 22. (b) 
26. (d) — 27. (c) 
31. (a) — 32. (d) 


35. (ad) 36. (a,b,c) 


38. (a,c,d)39. (a,b) 40. (ac) 


42. (a,b,c,d) 

46. (2)  47.(1) 
51. (1) 52. (4) 
56. (o) 57. (a) 


61. (a) 62. (b) 


3. (c) 
8. (c) 
13. (c) 
18. (a) 
23. (a) 
28. (c) 


33. (d) 


43. (a,b) 


48. (2) 


53. (1) 


58. (d) 


63. (d) 


4. (a) 5.(b) 
9. (c) 10. (b) 
14. (a) 15.(b) 
198. (b) — 20.(a) 
24. (d) 25.(c) 
29. (b) 30. (d) 
34. (a,b,c) 

37. (a,b,c) 

41. (b,c) 

44. (2) 45. (12) 
49. (1) 50. (4) 
54. (8) 55. (a) 
59. (d) 60. (b) 


64. (b) 65. (c) 
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EXERCISE - 4: 
PREVIOUS YEAR JEE ADVANCED QUESTIONS 


DIRECTION TO USE - 
Scan the QR code and check detailed solutions. 


1. (d) 2. (c) 3. (b) 4. (b) 5. (a) 

6. (b) 7. (c) 8. (a) 9. (b) 10. (d) 
11. (d) 12. (d) 13.(d) 14.(a)  15.(o) 
16. (d) — 17. (c) 18. (c) 19. (c) 

20. (a,c,d) 21. (c,d) 22. (b,c,d) 23. (a,c,d) 24. (a,d) 
25. (a,b,d) 26. (a,c,d) 27. (b,c) 28. (b,d) 29.(5) 
30.(4)  31.(3000) 32.(8.00) 33.(c) 34. (d) 
35.(c)  36.(b)  37.(c) 38.(d)  39.(b) 


40. (c) 
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This fosters collaboration, peer learning, and knowledge sharing among group 
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Access to Expert Guidance: SOE WhatsApp groups are moderated by subject matter 
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Groups Rules 8 Regulations: 
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1. Share your valuable resources with the group. 

2. Help your fellow educators by answering their queries. 

3. Watch and engage with shared videos in the group. 

4. Distribute WhatsApp group resources among your students. 
5. Encourage your colleagues to join these groups. 


Additional notes: 
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2. After sharing resources with students, consider deleting outdated data if necessary. 
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